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CHAPTER 1 
 
GENERAL INTRODUCTION 
 Soybean [Glycine max (L.) Merr.] contains two major storage proteins, 
glycinin and β-conglycinin (BC).  Glycinin accounts for approximately 40% and BC 
approximately 25% of total soybean seed protein (Nielsen et al., 1989).  Glycinin is 
controlled by five genes coding for the acidic (A) and basic (B) subunits: Gy1, Gy2, 
Gy3, Gy4, and Gy5 (Cho et al., 1989; Nielsen et al., 1989).  BC consists of gene 
families that encode the three major subunits α, α′, and β.  The relative 
concentrations of the BC subunits are about 45% α, 35% α′, and 20% β (Maruyama 
et al., 1999).  Soybean cultivars were discovered by Monsanto Co. with a greater 
concentration of α′ than α (Bringe and Jenkinson, 2009; Jenkinson, 2009; Jenkinson, 
2011).  Jenkinson (2009) reported that the cultivars with elevated α′ (EAP) had about 
31% α, 40% α′, and 29% β.   
Soybean cultivars with EAP and elevated BC may enhance the value of soy 
foods and provide treatment for some health conditions.  Rickert et al. (2004) found 
that soy protein rich in BC has superior gelling properties, improved emulsification, 
and increased stability.  Diets high in BC resulted in lower total cholesterol, 
triglycerides, and insulin (Aoyama et al., 2001; Moriyama et al., 2004; Yamazaki et 
al., 2011), showed inhibitory effects on development of atherosclerosis (Adams et 
al., 2004), and reduced visceral fat related to obesity (Kohno et al., 2006).  BC was 
among the protein components that inhibited the growth of leukemia cells in vitro 
(Wang et al., 2008) and BC enriched in α and α′ subunits inhibited fatty acid 
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synthase activity reducing lipid synthesis with potential use for cancer treatment 
(Gonzalez de Mejia et al., 2010; Martinez-Villaluenga et al., 2010).   
The inheritance of the EAP trait is unknown; however, two Monsanto single 
nucleotide polymorphisms (SNP) linked to the Cgy2,3 gene associated with the α 
subunit may be useful for marker-assisted selection (MAS) of the EAP trait 
(Jenkinson, 2009; Jenkinson, 2011).  The two Monsanto SNPs were included in a 
patent written by Jenkinson (2011) and were claimed to be predictive for the EAP 
and normal α′ (NAP) traits.  Use of MAS for the EAP trait may help reduce the 
population size required for determining protein composition by sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), which currently is an 
expensive and time consuming method.  The first objective of this study was to 
evaluate the effectiveness of the two SNP markers for selecting individuals in 
segregating populations for the EAP and NAP traits. 
 Japanese scientists developed a soybean line, B2G2, with 0% glycinin and 
approximately 45% BC concentration (Yagasaki et al., 1996).  B2G2 has recessive 
alleles for the five Gy loci.  Jenkinson and Fehr (2010b) used B2G2 in crosses with 
conventional soybean lines to develop five segregating populations.  They derived 
lines from eight genotypic classes with different combinations of wild-type and 
mutant alleles at the five Gy loci that were evaluated for protein composition and 
agronomic performance.  Each gy allele affected total BC and glycinin levels 
differently.  They found that the gy1,2 allele had the greatest impact on maximizing 
total BC and minimizing total glycinin, the gy5 allele was intermediate, and the gy3 
allele had the smallest impact.  The glycinin genotype gy1,2, gy3, gy4, gy5 had the 
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highest BC concentration and no glycinin.  Based on a comparison to a class with all 
wild-type Gy alleles, they indicated that it should be possible to develop soybean 
lines with the glycinin genotype gy1,2, Gy3, gy4, gy5 that elevated BC without 
sacrificing yield, that it would be more difficult to develop high-yielding lines with the 
glycinin genotype gy1,2, gy3, gy4, Gy5, and the most difficult to develop lines with 
acceptable yield that have the glycinin genotype gy1,2, gy3, gy4, gy5.  They did not 
evaluate the gene combination of gy1,2, Gy3, gy4, Gy5 to determine how the 
concentrations of BC and glycinin and the agronomic performance of the lines with 
that genotype would compare with the glycinin genotypes of gy1,2, Gy3, gy4, gy5; 
gy1,2, gy3, gy4, Gy5; and gy1,2, gy3, gy4, gy5.  The second objective of this study 
was to evaluate lines with the Gy3 and Gy5 wild-type alleles to determine their 
impact on agronomic traits and seed composition.   
 No studies have been reported on the impact of the EAP trait on the 
agronomic traits and seed composition of soybean lines when combined with alleles 
for modified glycinin concentration.  Therefore, the third objective of this study was to 
evaluate lines with EAP and NAP concentrations combined with the genotypes of 
gy1,2, Gy3, gy4, Gy5; gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, Gy5; and gy1,2, gy3, 
gy4, gy5 for the glycinin alleles. 
 Palmitate is one of the major saturated fatty esters in soybean oil averaging 
110 g kg-1 in conventional cultivars (Wilson, 2004).  Soybean oil with elevated 
palmitate concentration has greater oxidative stability than conventional soybean oil 
and may be more useful for some food and industrial applications (Shen et al., 
1997).  Seed from the cultivar Elgin was treated with ethyl methanesulfonate to 
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create the fap4(A24) mutant allele for elevated palmitate concentration (Fehr et al., 
1991; Schnebly et al., 1994).  Classical genetic studies reported that the fap4(A24) 
mutant allele segregates independently from all other elevated palmitate mutations 
(Fehr et al., 1991; Schnebly et al., 1994) and molecular characterization confirmed 
that the fap4(A24) mutant allele had no mutations in the two Glycinin max 3-
ketoacyl-ACP synthase II (GmKAS II) genes (De Vries et al., 2011).  The fourth 
objective of this study was to determine the genetic location of the fap4(A24) locus 
for elevated palmitate concentration and to identify molecular markers that could be 
used for MAS of the allele in segregating populations. 
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CHAPTER 2 
MARKER-ASSISTED SELECTION FOR ELEVATED CONCENTRATIONS OF THE 
α' SUBUNIT OF β-CONGLYCININ AND ITS INFLUENCE ON AGRONOMIC AND 
SEED TRAITS OF SOYBEAN 
Abstract 
 Soybean [Glycine max (L.) Merr.] cultivars with elevated concentrations of the 
α′ subunit of β-conglycinin (BC) may provide health benefits to soy protein 
consumers.  Two Monsanto single nucleotide polymorphism markers were used to 
classify F2 plants in four segregating populations as having elevated α′ (EAP) or 
normal α′ (NAP) concentrations.  Seeds from one F3 progeny of each F2 plant were 
analyzed for protein composition by sodium dodecyl-sulfate polyacrylamide gel 
electrophoresis.  Of the 800 plants in the four populations evaluated with the two 
markers, 82% were correctly classified for the EAP trait and 80% for the NAP trait.  
The EAP and NAP traits were evaluated in combination with the four glycinin 
genotypes gy1,2, Gy3, gy4, Gy5; gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, Gy5; and 
gy1,2, gy3, gy4, gy5.  The seed yield, time of maturity, and protein and oil 
concentration were evaluated for 18 F3:5 lines in each of the eight genotypic classes 
of the four populations at three environments in 2011.  The EAP trait resulted in a 
significant increase in the α′ and β subunits of BC and a decrease in the α subunit, 
with no consistent impact on total BC, total glycinin, seed yield, maturity, and protein 
and oil concentrations.  It should be possible to develop acceptable soybean 
cultivars that have the EAP trait in combination with the glycinin genotype gy1,2, 
gy3, gy4, gy5 to obtain a protein with a high concentration of the α′ subunit and total 
BC and with no total glycinin for soy-based food products.   
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Introduction 
 β-conglycinin (BC) is one of the main storage proteins in soybean [Glycine 
max (L.) Merr.] accounting for 25% of total soy protein in commercial cultivars 
(Nielsen et al., 1989).  BC consists of gene families that encode the three major 
subunits α, α′, and β.  The relative concentrations of the BC subunits in conventional 
soybean cultivars are about 45% α, 35% α′, and 20% β (Maruyama et al., 1999).  
Soybean cultivars were discovered by Monsanto Co. with a greater concentration of 
α′ than α (Bringe and Jenkinson, 2009; Jenkinson, 2009; Jenkinson, 2011).  
Jenkinson (2009) reported that cultivars with elevated α′ (EAP) had about 31% α, 
40% α′, and 29% β.   
Soybean cultivars with EAP and elevated BC may enhance the functional 
properties of the protein and provide health benefits for consumers.  Rickert et al. 
(2004) found that soy protein rich in BC has superior gelling properties, improved 
emulsification, and increased stability.  Diets high in BC resulted in lower total 
cholesterol, triglycerides, and insulin (Aoyama et al., 2001; Moriyama et al., 2004; 
Yamazaki et al., 2011), showed inhibitory effects on the development of 
atherosclerosis (Adams et al., 2004), and reduced visceral fat related to obesity 
(Kohno et al., 2006).  BC was among the protein components that inhibited the 
growth of leukemia cells in vitro (Wang et al., 2008) and BC enriched in the α and α′ 
subunits inhibited fatty acid synthase activity reducing lipid synthesis with potential 
use for cancer treatment (Gonzalez de Mejia et al., 2010; Martinez-Villaluenga et al., 
2010).  Purified α′ subunit of BC was reported to be responsible for lowering lipid 
and triglyceride content and up-regulation of low-density lipoprotein (LDL) receptors 
11 
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(Manzoni et al., 2003; Duranti et al., 2004).  Soy protein lacking the α′ subunit had 
no effect on LDL receptors in human liver cells (Manzoni et al., 1998).   
 The inheritance of the EAP trait is unknown; however, two Monsanto single 
nucleotide polymorphisms (SNP) located on chromosome 20, Linkage Group I (LG 
I), that are linked to the Cgy2,3 genes that code for the α subunit may be useful for 
marker-assisted selection (MAS) of EAP (Jenkinson, 2009; Jenkinson, 2011).  The 
Cgy2 and Cgy3 genes are inverse repeats of each other located 2.5 kb apart on 
chromosome 20 (Yoshino et al., 2002; Takahashi et al., 1996).  The 
DDBJ/EMBL/GenBank accession number of the gene encoding the α subunit of BC 
is AB051865 (Yoshino et al., 2001).  The two Monsanto SNPs were claimed to be 
predictive of the EAP and normal α′ (NAP) traits (Jenkinson, 2011).  Use of MAS for 
the EAP trait may help reduce the population size required for determining protein 
composition by sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), which currently is an expensive and time consuming method.  The first 
objective of this study was to evaluate the effectiveness of the two SNP markers for 
selecting individuals in segregating populations for the EAP and NAP traits. 
 Glycinin is the major storage protein in soybean that accounts for 40% of total 
soy protein (Nielsen et al., 1989).  It is controlled by five major genes Gy1 to Gy5 
that code for five acidic (A) and basic (B) subunits joined by disulfide bonds: A1aB2, 
A2B1a, A1bB1b, A5A4B3, and A3B4 (Cho et al., 1989; Nielsen et al., 1989).  Gy1 
and Gy2 are tightly linked and inherited together while Gy3, Gy4, and Gy5 are 
inherited independently (Cho et al., 1989; Nielsen et al., 1989; Beilinson et al., 
2002).  Japanese scientists developed a soybean line, B2G2, with 0% glycinin and 
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approximately 45% BC concentration (Yagasaki et al., 1996).  B2G2 has recessive 
alleles for the five Gy loci.  The recessive alleles for gy1,2 and gy3 were discovered 
after treating a soybean line with γ-ray irradiation (Yagasaki et al., 1996).  The gy4 
recessive allele exists naturally in approximately 20% of Japanese germplasm 
(Kitamura et al., 1984) and the gy5 allele was discovered when screening wild 
soybean [Glycine soja Siebold & Zucc.] accessions (Yagasaki et al., 1996).   
 Jenkinson and Fehr (2010b) used B2G2 in crosses with conventional 
soybean lines to develop five segregating populations.  They derived lines from eight 
genotypic classes with different combinations of wild-type and mutant alleles at the 
five Gy loci and evaluated them for protein composition and agronomic performance.  
Each gy allele affected total BC and glycinin levels differently.  They found that the 
gy1,2 allele had the greatest impact on maximizing total BC and minimizing total 
glycinin, the gy5 allele was intermediate, and the gy3 allele had the smallest impact.  
The glycinin genotype gy1,2, gy3, gy4, gy5 had the highest BC concentration and no 
glycinin.  Based on a comparison to a class with all wild-type Gy alleles, they 
indicated that it should be possible to develop soybean lines with the glycinin 
genotype gy1,2, Gy3, gy4, gy5 that elevated BC without sacrificing yield, that it 
would be more difficult to develop high-yielding lines with the glycinin genotype 
gy1,2, gy3, gy4, Gy5, and the most difficult to develop lines with acceptable yield 
that have the glycinin genotype gy1,2, gy3, gy4, gy5.  They did not evaluate the 
gene combination of gy1,2, Gy3, gy4, Gy5 to determine how the concentrations of 
BC and glycinin and the agronomic performance of the lines with that genotype 
would compare with the glycinin genotypes of gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, 
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Gy5; and gy1,2, gy3, gy4, gy5.  The second objective of this study was to evaluate 
lines with the Gy3 and Gy5 wild-type alleles to determine the impact on agronomic 
traits and seed composition.   
     No studies have been reported on the impact of the EAP trait on the 
agronomic traits and seed composition of soybean lines when combined with alleles 
for modified glycinin concentration.  The third objective of this study was to evaluate 
lines with EAP and NAP concentrations combined with the genotypes of gy1,2, Gy3, 
gy4, Gy5; gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, Gy5; and gy1,2, gy3, gy4, gy5 for 
the glycinin alleles.  
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Literature Review 
Function and Structure of Storage Proteins in Soybean  
 Glycinin and β-conglycinin (BC) are the two major storage proteins in 
soybean accounting for approximately 65% of the total seed protein.  Glycinin 
consists of five acidic (A) and basic (B) subunits joined by disulfide bonds: A1aB2, 
A2B1a, A1bB1b, A5A4B3, and A3B4 (Cho et al., 1989; Nielsen et al., 1989).  BC 
consists of gene families that encode the three major subunits α, α′, and β.  A 
significant negative correlation between glycinin and BC concentration was reported 
by Jenkinson and Fehr (2010a, 2010b) based on an across population correlation of 
-0.84 and -0.89 (P < 0.05) and by Fehr et al. (2003) based on the means across 
years and locations of 14 cultivars of -0.92 (P < 0.05), although total seed protein 
and oil concentration was not correlated with glycinin or BC concentration (Fehr et 
al., 2003).  Modified glycinin and BC concentration was also reported not to impact 
total seed protein (Jenkinson and Fehr, 2010a, 2010b).    
Glycinin and BC provide different functional and nutritional characteristics that 
are important in the production of soy foods and ingredients.  Rickert et al. (2004) 
found that soy protein rich in BC has superior gelling properties, gels at lower 
temperatures, improved emulsification, and increased stability.  Kuipers et al. (2006) 
found that soy protein hydrolysates with purified BC had increased protein solubility.  
Improved gelling properties and increased stability are important in the production of 
tofu, soy meat alternative products, and gelled candies.  Soy protein with improved 
emulsification and increased solubility are useful in the production of soy beverages 
and yogurts.   
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Several studies in animals and humans have reported positive health benefits 
associated with the consumption of soy BC.  Diets high in BC resulted in lower total 
cholesterol, triglycerides, and insulin (Aoyama et al., 2001; Moriyama et al., 2004; 
Yamazaki et al., 2011), showed inhibitory effects on the development of 
atherosclerosis and plaque accumulation along artery walls (Adams et al., 2004), 
and reduced visceral fat related to obesity (Kohno et al., 2006).  Yamazaki et al. 
(2011) reported that dietary BC fed to mice with diets high in fat was shown to 
prevent fatty liver and decrease fat accumulation in adipose tissue.  Protein 
hydrolysates from soybean genotypes with increased BC were found to contain 
more active peptides that reduced lipid accumulation in adipose cells by down-
regulating the expression of lipoprotein lipase and fatty acid synthase (FAS) 
(Martinez-Villaluenga et al., 2008; Martinez-Villaluenga et al., 2009).   
BC subunits α and α′ were found to be more effective than glycinin at up-
regulating low-density lipoprotein (LDL) receptors, which increased the degradation 
of LDL.  High amounts of LDL cholesterol in the blood can clog arteries and increase 
the risk of heart attack and stroke (Lovati et al., 1998).  Purified α′ subunit of BC was 
reported to be responsible for lowering lipid and triglyceride content and up-
regulation of LDL receptors in rats and human liver cells (Manzoni et al., 2003; 
Duranti et al., 2004).  Soy protein lacking the α′ subunit had no effect on LDL 
receptors in human liver cells (Manzoni et al., 1998).  Consonni et al. (2010) purified 
a truncated form of the α′ subunit that contained 216 amino acids from the N-
terminal-side and concluded that the N-terminal extension of the α′ subunit was 
more effective at LDL uptake and degradation than the full-length α′ chain.   
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Wang et al. (2008) reported that BC is one of the soy protein components that 
inhibit the growth of leukemia cells in vitro.  Gonzalez de Mejia et al. (2010) found 
that soy BC enriched in the α and α′ subunits inhibited FAS activity.  Medical studies 
have reported that FAS can be found at high levels in tumors associated with cancer 
and that drugs that inhibit FAS could be used for tumor suppression and cancer 
treatment (Kuhajda et al., 2000; Kuhajda, 2006).  Martinez-Villaluenga et al. (2010) 
identified two FAS inhibitory peptides from purified BC that inhibit FAS by binding the 
thioesterase catalytic domain.  Anti-obesity and cancer killing drug Orlistat 
(tetrahydrolipstatin) also binds the thioesterase domain (Pemble et al., 2007).  
Purification of the α′ subunit may have value and potential utilization as a 
nutraceutical for improved heart health, obesity, and cancer treatment (Manzoni et 
al., 1998; Manzoni et al., 2003; Duranti et al., 2004; Gonzalez de Mejia et al., 2010; 
Martinez-Villaluenga et al., 2010).   
Inheritance and Organization of β-conglycinin Genes 
 
   BC consists of gene families that encode the three major subunits α, α′, and 
β that account for approximately 25% of total soy protein in commercial cultivars 
(Nielsen et al., 1989).  The relative concentrations of the BC subunits in conventional 
soybean cultivars are about 45% α, 35% α′, and 20% β (Maruyama et al., 1999).  
Jenkinson and Fehr (2010a, 2010b) reported that the relative proportions of the 
three BC subunits did not change when the recessive gy alleles were present and all 
glycinin genotypes were found to have a greater α subunit when compared with the 
α′ subunit.   
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 Fifteen genes relating to the BC subunits were identified by Harada et al. 
(1989) and designated Cgy1 to Cgy15.  Cgy1 has been shown to encode the α′ 
subunit and segregates independent of other BC genes (Harada et al., 1989).  The 
mRNA for Cgy1 was assigned the GenBank (Benson et al., 2005) accession number 
AB030838 (submitted by C. Fukazawa) and is located on chromosome 10 (LG O).  
The Cgy2 and Cgy3 genes are inverse repeats of each other located 2.5 kb apart on 
chromosome 20 (LG I) (Yoshino et al., 2002; Takahashi et al., 1996).  The β subunit 
of BC has been associated with up to 10 different genes (Harada et al., 1989).     
α Subunit of β-conglycinin 
Harada et al. (1989) reported that the Cgy2 and Cgy3 genes may be 
associated with the α subunit of BC based on hybridization with the α subunit 
mRNA.  The Cgy2 gene was considered to be an α-related gene that has been 
shown to express the α subunit at low levels in soybean cultivars lacking the Cgy3 
gene (Yoshino et al., 2001; Yoshino et al., 2002).  Yoshino et al. (2001) sequenced a 
genomic DNA clone and was able to associate the Cgy3 gene to the α subunit and 
submitted the sequence to the GenBank (Benson et al., 2005).  The original 
sequence was assigned the accession number AB051865 with an additional 
sequence containing a longer upstream region of the Cgy3 gene submitted under 
GenBank (Benson et al., 2005) accession number AB237643.  A gene sequence for 
Cgy2 with a four base pair insertion was submitted by Ishikawa et al. (2006) to 
GenBank (Benson et al., 2005) and assigned accession number AB207802.  
Ishikawa et al. (2006) utilized soybeans lines with mutations lacking the Cgy2 and 
Cgy3 genes to conclude that both genes encode the α subunit.   
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EAP subunit of β-conglycinin 
  Soybean cultivars were discovered by Monsanto Co. with a greater 
concentration of α′ than α (Bringe and Jenkinson, 2009; Jenkinson, 2009; Jenkinson, 
2011).  The inheritance of the EAP trait is unknown, however, two Monsanto SNPs 
located on chromosome 20 (LG I) that are linked to the Cgy2,3 genes that code for 
the α subunit may be useful for MAS of the EAP trait (Jenkinson, 2009; Jenkinson, 
2011).  The two Monsanto SNPs and sequence around the SNPs are available in a 
patent application submitted by Jenkinson (2011).  The two SNPs were assigned the 
sequence IDs #11 and #15.  For SNP marker #11, the nucleotide base was C for the 
EAP trait and T for the NAP trait.  For SNP marker #15, the nucleotide base was C 
for the EAP trait and A for the NAP trait (Jenkinson, 2009; Jenkinson, 2011).  
Individuals with the CC-CC marker scores were classified as EAP and individuals 
with the TT-AA scores were classified as NAP.  Jenkinson (2009, 2011) found that 
the CC-CC marker class in two populations accurately identified lines with α:α′ ratio 
< 1.0 in 21% and 33% of the plants, with a majority of the CC-CC plants having a 
conventional α:α′ ratio.  In the same two populations the TT-AA marker class 
accurately identified lines with α:α′ ratio > 1.0 in 93% and 96% of the plants, with 7% 
and 4% of the TT-AA plants having the EAP trait.  The results indicated that there 
could be more than one gene responsible for the reduced α:α′ ratio or that it may be 
necessary to develop molecular markers near the Cgy2 and Cgy3 genes to more 
accurately identify lines with the EAP trait.  No studies have reported on the 
effectiveness of MAS for EAP or the inheritance and agronomic impact of the EAP 
trait in the Monsanto Co. soybean germplasm.  
19 
 
1
9
 
Inheritance and Organization of Glycinin Genes 
 Glycinin is the major storage protein in soybean that accounts for 40% of total 
soy protein (Nielsen et al., 1989).  It is controlled by five major genes Gy1 to Gy5 
that code for five acidic (A) and basic (B) subunits joined by disulfide bonds: A1aB2, 
A2B1a, A1bB1b, A5A4B3, and A3B4 (Cho et al., 1989; Nielsen et al., 1989).  The 
five genes are composed of four exons and three introns.  Gy1 and Gy2 are located 
in a tandem repeat, separated by approximately 3 kb of DNA (Cho et al., 1989; 
Nielsen et al., 1989) and are located on chromosome 3 (LG N) (Beilinson et al., 
2002).  Because of the close proximity, they are inherited together and are 
commonly referred to as Gy1,2 (Beilinson et al., 2002; Jenkinson and Fehr, 2010b).  
Yagasaki et al. (1996) incorrectly reported that Gy1, Gy2, and Gy3 were all tightly 
linked based on characterization of protein subunit phenotype that did not allow for 
the separation of bands for the three different genes.  Research using DNA probes 
and molecular markers associated with the three gene sequences confirmed that 
Gy1,2 and Gy3 were located on two chromosomes with independent genetic 
segregation (Cho et al., 1989; Beilinson et al., 2002).  Gy3 is located on 
chromosome 19 (LG L) (Beilinson et al., 2002).  Gy4 and Gy5 were mapped using 
restriction fragment length polymorphism (RFLP) genetic markers by Diers et al. 
(1994).  They reported that Gy4 is on chromosome 10 (LG O) and that Gy5 is on 
chromosome 13 (LG F).  Chen and Shoemaker (1998) confirmed the mapped 
locations of Gy4 and Gy5 and discovered that chromosome 13 (LG F) had a cluster 
of seed storage proteins.  Gy1,2 and Gy3 have highly homologous sequences while 
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Gy4 and Gy5 are more similar in sequence.  Sequence identity is 45% between the 
two groups and 80% within each group (Nielsen et al., 1989).   
Development of Germplasm with Reduced Glycinin Content 
 
Japanese scientists developed a soybean line, B2G2, with 0% glycinin and 
approximately 45% BC concentration (Yagasaki et al., 1996).  B2G2 has recessive 
alleles for the five Gy loci.  The recessive alleles for gy1,2 and gy3 were discovered 
by treating a soybean line with wild-type Gy alleles with γ-ray irradiation (Yagasaki et 
al., 1996).  The gy4 recessive allele exists naturally in approximately 20% of 
Japanese germplasm (Kitamura et al., 1984).  The gy5 allele was discovered when 
screening wild soybean [Glycine soja Siebold & Zucc.] accessions (Yagasaki et al., 
1996).  Scientists combined the recessive alleles for gy1,2 and gy3 with a recessive 
allele for gy4 obtained from Japanese germplasm and the recessive allele for gy5 to 
produce soybean lines segregating for the presence and absence of the five glycinin 
genes (Yagasaki et al., 1996).  Wu et al. (2007) and the Monsanto Co. developed 
molecular markers to be used for MAS of the recessive gy alleles resulting in 
soybean lines with increased BC and decreased glycinin concentration.     
Agronomic and Seed Characteristics of Lines with Modified Glycinin Content 
Jenkinson and Fehr (2010b) developed lines from five populations with 
different combinations of recessive and wild-type alleles at the Gy loci.  The 
populations were formed by crossing the line MV0118 with recessive alleles at the 
gy loci to five elite conventional soybean cultivars developed by the Monsanto Co. 
with wild-type alleles at the Gy loci.  The pedigree for MV0118 was 
MV32//B2G2/MV19.  Both MV32 and MV19 were cultivars developed by Monsanto 
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Co. with wild-type Gy alleles.  They derived eight genotypic classes with different 
combinations of wild-type and mutant alleles at the five Gy loci that were evaluated 
for protein composition and agronomic performance at four locations during 2008.  A 
significant negative correlation of -0.89 (P < 0.05) was found across populations 
between glycinin and BC concentrations.  They found that the gy1,2 alleles had the 
greatest impact on maximizing total BC concentration and minimizing total glycinin, 
the gy5 allele was intermediate, and the gy3 allele had the smallest impact.  The 
glycinin genotype gy1,2, gy3, gy4, gy5 had the highest BC concentration and no 
glycinin.  Results for differences in mean yield focused on classes with the glycinin 
genotypes of gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, Gy5; and gy1,2, gy3, gy4, gy5  
because they provided the highest levels of BC and the lowest levels of glycinin.  
The mean yields of the three classes averaged across the four populations were not 
consistently different from the mean yields of the class with all wild-type Gy alleles.  
Compared with the class with only Gy alleles, the average yield for the glycinin 
genotype of gy1,2, gy3, gy4, gy5 showed the greatest yield reduction of 4.2% less, 
while the glycinin genotype of gy1,2, gy3, gy4, Gy5 was 1.7% less, and the glycinin 
genotype of gy1,2, Gy3, gy4, gy5 was only 0.6% less.  There were no consistent 
differences for mean maturity, and protein and oil concentration among classes or 
lines within a class for all populations.  They indicated that it should be possible to 
develop soybean lines with the glycinin genotype gy1,2, Gy3, gy4, gy5 with elevated 
BC without sacrificing yield, that it would be more difficult to develop high-yielding 
lines with the glycinin genotype gy1,2, gy3, gy4, Gy5, and the most difficult to 
develop lines with acceptable yield that have the glycinin genotype gy1,2, gy3, gy4, 
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gy5.  They did not evaluate the gene combination of gy1,2, Gy3, gy4, Gy5 to 
determine how the concentrations of BC and glycinin, and the agronomic 
performance of the lines with that genotype would compare with the glycinin 
genotypes of gy1,2, Gy3, gy4, gy5; gy1,2, gy3, gy4, Gy5; and gy1,2, gy3, gy4, gy5.   
Environmental Stability of Glycinin and β-conglycinin  
 Jenkinson and Fehr (2010a) investigated the effects of planting date and 
location on the stability of glycinin and BC concentration in seven genotypes.  There 
were no significant differences among the three planting dates for total glycinin and 
BC concentration.  Location was found to have a significant effect on all protein 
components, except the A124 subunit of glycinin.  Lines with recessive gy alleles for 
reduced glycinin concentration were effective at elevating the amount of total BC 
across locations.  They concluded that grain produced at different locations would 
vary for total BC concentration. 
Molecular Evolution of Glycinin and β-conglycinin Gene Families 
 Li and Zhang (2010) described the molecular evolution of the glycinin and BC 
gene families in soybean.  They used the amino acid sequences for all the glycinin 
genes performing BLASTP (Altschul et al., 1990) searches using the soybean 
database in Phytozome (http://www.phytozome.net) and all sequences were 
matched to their corresponding loci (Gy1 to Glyma03g32030; Gy2 to 
Glyma03g32020; Gy3 to Glyma19g34780; Gy4 to Glyma10g04280; Gy5 to 
Glyma13g18450).  BLASTP (Altschul et al., 1990) searches also were conducted 
using the amino acid sequences for the BC genes Cgy1, Cgy2, Cgy3, and Cgy4 
(Cgy1 to Glyma10g39150; Cgy2 and Cgy3 to Glyma20g28650 and Glyma20g28660; 
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Cgy4 to Glyma20g28460 and Glyma20g28640).  Orthologs of the glycinin and BC 
genes were found in M. truncatula, poplar, Arabidopsis, and V. vinifera.   
Li and Zhang (2010) proposed that the glycinin gene family first experienced 
a tandem duplication after which the soybean genome underwent two rounds of 
whole genome duplication (WGD) that occurred 50-60 and 10-15 million years ago 
(mya) resulting in a duplication of the glycinin genes and finally a tandem duplication 
producing the Gy1 and Gy2 genes.  The ancestor of BC first experienced WGD to 
create two genes.  One of the genes lost function and the other gene experienced 
two rounds of tandem duplication around 40 mya and WGD around 10-15 mya.  Li 
and Zhang (2010) concluded that duplicated genes in both glycinin and BC gene 
families retained similar function throughout evolution of the soybean genome. 
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Materials and Methods 
 Four populations segregating for the EAP trait and the glycinin alleles at the 
Gy3 and Gy5 loci were developed for the study.  Two EAP parents developed by the 
Monsanto Co., MV0121 and MV0122, had the glycinin alleles gy1,2, Gy3, gy4, and 
gy5.  MV0121 and MV0122 were each crossed to the Monsanto lines MV0119 and 
MV0120 that were selected from the research conducted by Jenkinson and Fehr 
(2010b) for their NAP trait and their genotype for the glycinin alleles of gy1,2, gy3, 
gy4, and Gy5.  The recessive glycinin alleles in the four parents were derived from 
B2G2, a germplasm line obtained from Japan that has the recessive alleles of gy1,2, 
gy3, gy4, and gy5 and lacks the five glycinin protein subunits A1aB2, A2B1a, 
A1bB1b, A5A4B3, and A3B4 (Yagasaki et al., 1996).  The maturities of the four 
parents ranged from maturity group 2.5 to 3.1.  
The parents were crossed during July 2009 at the Monsanto Research Farm 
near Huxley, IA, to form the four populations.  The F1 seed from each cross and 
seeds of the parents were planted in rows 0.76 m long at 11 seeds m-1 during 
October 2009 at the Monsanto Caribe Research Farm near Isabela, PR.  A leaf 
punch harvested from each F1 plant was freeze-dried and shipped to the Monsanto 
DNA facility in Ankeny, IA.  DNA was prepared using standard Monsanto in-house 
protocols.  The DNA was analyzed using SNP molecular markers tightly linked to the 
Gy3 and Gy5 loci to confirm that the plants were hybrids (Wu et al., 2007).  The F2 
seeds from the hybrid plants within each population were bulked and planted in 
February 2010 at the Monsanto Caribe Research Farm near Isabela, PR, in 3.05 m 
long rows at 20 seeds m-1.  Leaf punches were harvested from 3864 F2 plants of 
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each population and placed in 96-well plates (ABgene, Epsom, United Kingdom).  
Samples were freeze-dried and shipped to the Monsanto DNA facility in Ankeny, IA, 
for SNP analysis.  SNP markers linked to the Gy3 and Gy5 loci (Wu et al., 2007) and 
markers associated with the EAP trait (Jenkinson, 2009; Jenkinson, 2011) were 
used to separate the F2 plants into the eight genotypic classes for the study (Table 
1).  The markers for selection of the EAP trait were two SNPs from the Monsanto 
Co. on chromosome 20 that were linked to the Cgy2,3 genes associated with the α 
subunit (Jenkinson, 2009; Jenkinson, 2011).  The first SNP was assigned the 
sequence ID #11 with the forward primer 5′-CTTGCTTACAAATTCCTCCAACTAAA-
3′ and the reverse primer 5′-GCTTAAGAACAACCGAGAGCTTTT-3′.  The second 
SNP was assigned the sequence ID #15 with the forward primer 5’-
CATGAACTGTGATTACATATTCTTTTGC-3′ and the reverse primer 5’-
GCTGCCGAACATGATGGTTA-3′.  The sequence around the SNP is available in 
the patent application of Jenkinson (2011).  For SNP marker #11, the nucleotide 
base was C for the EAP trait and T for the NAP trait.  For SNP marker #15, the 
nucleotide base was C for the EAP trait and A for the NAP trait (Jenkinson, 2009; 
Jenkinson, 2011).  For separating F2 plants into the EAP and NAP classes, 
individuals with CC-CC scores for the two SNPs were considered EAP, and 
individuals with TT-AA scores for the two SNPs were considered NAP.  Thirty F2 
plants were selected for each of the eight classes based on the above molecular 
marker classification for a total of 240 F2 plants from each population.  The selected 
F2 plants were harvested and threshed individually.   
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The 30 F2:3 lines of each of the eight genotypic classes were planted during 
May 2010 at the Monsanto Research Farm near Huxley, IA, in a single row 1.52 m 
long at 20 seeds m-1.  At maturity, seed was harvested from a single F3 plant in each 
line.  The remaining plants in the F2:3 lines were not harvested.  A bulk of eight F4 
seed from each F3 plant and eight seeds of the parents were used for SDS-PAGE 
analysis.  
The SDS-PAGE analysis was conducted in two replications of a randomized 
complete-block design using the method described by Martinez-Villaluenga et al. 
(2008).  The eight F4 seed from each F3 plant and parents were ground with a 
Thomas-Wiley model 4 mill (Thomas-Wiley, Swedesboro, NJ), filtered through a 2-
mm screen, reground, and filtered through a 1-mm screen.  The SDS-PAGE method 
eliminated the disulfide bond joining each glycinin subunit and separated the acidic 
subunits (A1a, A1b, A2, A3, A4, and A5) from the basic subunits (B1a, B1b, B2, B3, 
and B4).  The acidic subunits A1a, A1b, A2, and A4 migrated together on the gel 
and formed one band labeled A124, while A3 formed an individual band.  The A124, 
A3, and basic bands were summed to determine total glycinin concentration.  The 
three BC subunits migrated independently forming three individual bands and were 
summed to determine total BC.    
 The F4 seed from each F3 plant analyzed by SDS-PAGE and seed of the four 
parents were planted in November 2010 at the Monsanto Research Farm in 
Rancagua, Chile, in a single row 4 m long with 16 seeds m-1.  Lines were selected 
for harvest based on the SDS-PAGE analysis of the seed harvested at Huxley.  
Lines were discarded whose SDS-PAGE values were not consistent with their 
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classification based on the molecular marker analysis for the Gy3 and Gy5 loci.  For 
example, lines with the genotype of gy1,2, Gy3, gy4, gy5 should have no A3 subunit 
and lines with the genotype gy1,2, gy3, gy4, Gy5 should have no A124 subunit, 
based on the results reported by Jenkinson and Fehr (2010b).  If measurable A3 
was detected, the line was not selected to represent the gy1,2, Gy3, gy4, gy5 class 
for the agronomic evaluation during 2011.  After lines in each class with the incorrect 
genotype for the glycinin alleles were discarded, the number of F3-derived lines in 
each class for each population varied from 25 to 30.  For classes with more than 25 
lines remaining, 25 lines from each class were randomly selected to determine the 
effectiveness of MAS for the EAP and NAP traits.  The SDS-PAGE data for the 25 F3 
plants of each class were used to determine if the line had the EAP and NAP trait as 
predicted from the molecular marker classification of the F2 plant from which each 
originated.  The mean concentration of α′ in the 25 EAP plants was compared to that 
of the 25 NAP plants that had the same genotype for the glycinin alleles, which was 
a total of 16 comparisons across the four glycinin genotypes and four populations.  
The percentage of plants correctly classified for EAP and NAP in each class also 
was determined. 
For the evaluation of agronomic and seed traits, the 18 F3-derived lines that 
originated from the F3 plants with the highest α′ concentration in the EAP classes for 
each glycinin genotype and the 18 lines with the lowest α′ concentration in the NAP 
classes were selected.  Each selected line was threshed in bulk in Chile.  Fifteen 
seeds from each of the F3-derived lines were ground and analyzed with the SNP 
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molecular markers for the gy1,2, gy3, gy4, gy5 alleles and the EAP trait to confirm 
that they were homogeneous.  
 The lines from the four populations were grown as separate experiments in 
2011.  Each experiment had 150 entries that included the 18 F3:5 lines for each of 
the eight genotypic classes, the four parents of the populations, and two commercial 
check cultivars.  The entries were grown in a randomized complete-block design 
with two replications at each of the three locations.  The experiments were planted at 
Huxley, IA, on 19 May; Bloomington, IL, on 20 May; and Findlay, OH, on 3 June.  
The soil type at Huxley is a Coland clay loam (fine-loamy, superactive, mesic 
Cumulic Endoaquoll), at Bloomington is a Tama silt loam (fine-silty, mixed, 
superactive, mesic Typic Argiudoll), and at Findlay is a Hoytville clay (fine, illitic, 
mesic Mollic Epiaqualf).  The plots at each location were two rows 4.5 m long with a 
row spacing of 76 cm and a seeding rate of 24 seeds m-1.  Time of maturity was 
recorded for each plot as number of days after 31 August when 95% of the pods on 
the main stem had reached their mature pod color.  Seed from each plot was 
harvested in bulk with a self-propelled plot combine (ALMACO, Nevada, IA).  Seed 
weight and moisture content were recorded on the combine at the time of harvest.  
Grain yield for each plot was adjusted to 13% moisture.  A 250-g seed sample from 
each plot at all locations was analyzed by near infra-red transmittance with an 
Infratec 1220 grain analyzer (Foss, Eden Prairie, MN) to determine protein and oil 
concentration expressed on a 0%-moisture basis. 
 To evaluate the effectiveness of MAS for classification of individuals as EAP 
or NAP, the mean α′ concentrations of the 25 individuals in the EAP class were 
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compared with that of the NAP class for each of the 16 comparisons.  A separate 
analysis of variance was computed for each comparison using the general linear 
model (GLM) procedure of SAS version 9.2 (SAS Institute, 2008), with the 
replication by class interaction used to evaluate the significant differences between 
the two class means with an F-test.  Analyses of variance and tests for significance 
were computed for the SDS-PAGE data for the 18 individuals included in yield tests 
using the GLM procedure of SAS version 9.2 (SAS Institute, 2008).  Replications 
were considered random effects, and classes and genotypes within each class were 
considered fixed effects.  Significance for all main effects was determined by an F-
test.  The effect of class was tested with the replication by class interaction.  The 
significance of differences among the means of classes for the protein components 
were determined using Tukey’s honestly significant difference test at the 0.05 
probability level with the replication by class interaction used as the error term 
(Tukey, 1949). 
 Yield, maturity, protein, and oil data were analyzed as a randomized 
complete-block design using the GLM procedure from SAS version 9.2 (SAS 
Institute, 2008).  Environments and replications were considered random effects.  
Classes and genotypes within each class were considered fixed effects.  The 
environment by main effect interactions were used to test the significance of the 
main effects for all traits.  The significance of differences among the means of 
classes was determined using Tukey’s honestly significant difference test at the 0.05 
probability level with the replication by class interaction used as the error term 
(Tukey, 1949). 
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Results and Discussion 
The use of MAS for classifying individuals for the EAP and NAP traits was 
partially successful.  The effectiveness of selection was evaluated by comparing the 
EAP and NAP classes for each of four glycinin genotypes in each of the four 
populations for a total of 16 comparisons.  Selection for the α′ subunit using the SNP 
markers #11 and #15 led to a greater mean concentration of the α′ subunit in the 
EAP classes than the NAP classes in the 16 comparisons, although the difference in 
the means was not significant for 7 of the comparisons (Table 1).  For EAP classes 
selected by MAS, 72 to 92% of the F3 plants had more of the α′ subunit than the α 
subunit.  For the F3 plants in the classes designated as NAP by MAS, 4 to 36% had 
a greater concentration of the α′ subunit than the α subunit.  Although the SNP 
markers #11 and #15 were not completely predictive of the EAP trait, they can be 
useful for reducing the number of individuals that need to be analyzed for protein 
composition using SDS-PAGE.   
To identify public markers that may be useful for selection of the EAP trait by 
MAS, DNA from the two EAP parents MV0121 and MV0122, the NAP parents 
MV0119 and MV0120; the Monsanto EAP lines MV0060 and MV0064; the Monsanto 
NAP line MV0040; and the NAP cultivar Williams 82 were sequenced for public SNP 
and SSR markers located in the same region as the Monsanto SNP markers #11 
and #15.  The lines were sequenced for the following public SNP and SSR markers: 
BARC-025847-05113, BARC-030259-06840, BARC-020019-04403, BARC-017939-
02461, BARCSOYSSR_20_1012, and BARCSOYSSR_20_0935 (Song et al., 2010).  
The sequencing protocol was adapted from the Applied Biosystems BigDye 
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Terminator version 3.1 Cycle Sequencing kit using the methods described by 
Severin et al. (2010).  Only the sequence associated with the SNP marker BARC-
025847-05113 was polymorphic among the EAP and NAP genotypes.  In the region 
amplified for this marker, the EAP lines MV0121, MV0122, MV0060, and MV0064 
had three bases A, G, and T that were polymorphic to the C, A, and G in the NAP 
lines MV0040, MV0119, MV0120, and Williams 82 (Figure 1).  The polymorphisms 
associated with BARC-025847-05113 and possible polymorphisms in other SNP or 
SSR markers in the region may be useful for providing molecular markers that can 
be used for MAS of the EAP trait. 
The influence of the EAP trait on protein composition was evaluated with the 
SDS-PAGE data for the 18 F3 plants of each of the eight classes from which the 
lines were derived for the 2011 field test (Table 2).  For the 16 comparisons of EAP 
and NAP involving the four glycinin genotypes in the four populations, the mean α′ 
and β concentrations for the EAP classes were significantly greater and the α 
concentrations were significantly lower than the NAP classes.  The increases in the 
α′ and β subunits were offset by the decreases in the α subunit, which resulted in no 
significant differences in total BC for 14 of the 16 comparisons.  The EAP trait did 
not cause any consistent changes in the mean total glycinin or its subunits, although 
several comparisons were significant.  There was no consistent variation among the 
18 F3 individual lines for the EAP and NAP classes for the four glycinin genotypes 
for the α′ and α subunit, total BC, the three subunits of glycinin, and total glycinin 
(Tables 3 and 4).  The β subunit showed significant differences among lines within 
the eight genotypic classes in all populations.  Results from this study indicated that 
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there are differences in protein composition among the 18 individual lines within 
some of the genotypic classes, however, there were few classes with significant 
variation for the α′ subunit of BC indicating that selection for the EAP and NAP traits 
limited the variation within classes.  The overall results indicated that selection for 
the EAP trait would generally only influence the concentrations of the three subunits 
of BC, but not the amount of total BC or the total glycinin and its subunits.   
The EAP trait did not have a negative impact on seed yield, maturity, or 
protein and oil concentrations (Table 5).  There were no significant differences for 
mean seed yield between the EAP and NAP classes with the four glycinin genotypes 
in the four populations.  There were no consistent differences for the mean time of 
maturity or protein and oil concentrations between the EAP and NAP classes, 
although three of the 16 comparisons were significant for maturity, six were 
significant for protein, and three for oil.  There was significant variation among lines 
for the four traits within most of the EAP and NAP classes for each of the four 
glycinin genotypes (Table 6).  For the four agronomic traits at the three individual 
locations, there were no consistent differences among the eight genotypic classes 
across the four populations (Tables 7 and 8).  The differences observed were not 
associated with the differences between the EAP and NAP classes with the four 
glycinin genotypes.  These results indicated that it should be possible to develop 
EAP cultivars with any of the glycinin genotypes that are equivalent to NAP cultivars 
for seed yield, maturity, and protein and oil concentrations.   
The glycinin genotype with the wild-type Gy3 and Gy5 alleles had significantly 
less total BC and more glycinin than the other three glycinin genotypes (Table 2).  
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The mean total BC generally was the highest for classes 4 and 8 with the five 
recessive gy alleles; however, it was not always significantly greater than that of 
classes 2 and 6 with the Gy3 and gy1,2, gy4, gy5 alleles.  The primary difference 
between the two genotypes was in the amount of total glycinin.  There was no 
glycinin for the genotype with the five recessive alleles; however, the Gy3 allele was 
associated with the production of the A124 and basic subunits.  The Gy5 allele in 
combination with the gy1,2, gy3, and gy4 alleles for classes 3 and 7 resulted in a 
significant decrease in total BC and a significant increase in total glycinin compared 
with classes 2 and 6 and classes 4 and 8.  Our results for the three glycinin 
genotypes were the same as those reported by Jenkinson and Fehr (2010b).  
 The genotype of classes 1 and 5 with the Gy3 and Gy5 alleles was not 
superior to the other three glycinin genotypes for seed yield, maturity, or protein and 
oil concentrations.  Although there were some significant differences among means 
of the eight classes, those differences were not consistent across the four 
populations (Table 3).  Furthermore, there were significant differences among the 
lines within each of the classes for the four traits (Table 6).  The results for the four 
traits for the genotypes of classes 2 and 6, 3 and 7, and 4 and 8 were consistent 
with those of Jenkinson and Fehr (2010b) for the same three genotypes.  These 
results indicate that it should be possible to develop cultivars with any of the four 
glycinin genotypes that are similar for seed yield, maturity, and protein and oil 
concentrations. 
 For the combined analysis of variance across locations for seed yield, the 
main effect of locations was significant in populations 1 and 4 and the main effect of 
34 
 
3
4
 
classes was significant in populations 2 and 3 (Tables 9, 10, 11, 12).  The location x 
class interactions were significant in all of the populations.  The significant 
interactions may be due in part to a change in rank among the eight genotypic 
classes, although class 5 with the NAP trait and the Gy3 and Gy5 wild-type alleles 
was one of the two highest yielding classes in the four populations (Table 5).  
Locations were significantly different for protein and oil concentration (Tables 9, 10, 
11, 12), which could be due to different environmental conditions at each location 
that have been known to differentially affect protein and oil concentration in different 
soybean backgrounds (Wilson, 2004).  There were significant differences among the 
eight genotypic classes for protein in three of the populations and for oil in all four 
populations (Table 5).  The location x class interactions were significant for all 
populations and associated with the inconsistent ranking among classes (Tables 9, 
10, 11, 12).  Similar results were reported by Jenkinson and Fehr (2010a, 2010b).  
Although there were significant differences for seed yield and protein and oil 
concentration, the variation was not consistent between the EAP and NAP classes 
with the same glycinin genotypes.  
 In conclusion, it should be possible to develop soybean cultivars with the EAP 
trait that are similar in seed yield, maturity, and protein and oil concentrations to NAP 
cultivars from any of the four glycinin genotypes that were evaluated in my study.  It 
also should be possible to select cultivars with the five recessive gy alleles that are 
comparable to the other three glycinin genotypes for the four agronomic and seed 
traits.  Cultivars with the five recessive alleles would have elevated total BC 
concentration and no glycinin, which may be beneficial for the food industry and 
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consumers.  Combining the EAP trait with the gy1,2, gy3, gy4, gy5 glycinin genotype 
would result in elevated levels of both the α′ subunit and total BC.  Based on the 
results of Jenkinson and Fehr (2010b), it may be more difficult in some, but not in all 
populations, to develop cultivars with the five recessive alleles that yield as well as 
conventional cultivars with wild-type alleles at the five loci.  Their results emphasized 
the importance of using multiple parental combinations in developing populations for 
selection of cultivars with modified protein composition.  
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Table 1. Mean composition for the α′ subunit of seed of 25 F3 plants for each of eight genotypic classes from four 
populations harvested at Huxley, IA, in 2010.  
        Population 1 Population 2 Population 3 Population 4 
Trait Glycinin Alleles α′ Class g kg-1† %‡ g kg-1 % g kg-1 % g kg-1 % 
α′ gy1 gy2 Gy3 gy4 Gy5   EAP§ 1   166* 88    157ns# 88  163* 72    163ns 76 
 
gy1 gy2 Gy3 gy4 Gy5   NAP¶ 5 150 20    148 24 153 20 158 28 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2  186* 88    178* 92  192* 80    191ns 76 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 170 24    165 16 173 20 173 20 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3  170* 84    162ns 84  175* 84     174ns 80 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 160 24    153 20 162 20 161 20 
 
gy1 gy2 gy3 gy4 gy5 EAP 4  191* 88    188ns 84     198ns 72  201* 80 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 174  4    172 20 187 36 181  4 
* Significant differences between the EAP and NAP classes with the same glycinin genotype at a 0.05 probability level 
based on an F-test. 
† Concentrations of the α′ subunit expressed as g kg-1 of seed protein. 
‡ Percentage of lines in each class with a greater concentration of the α′ subunit than the α subunit. 
§ EAP, elevated α′ concentration. 
¶ NAP, normal α′ concentration. 
# ns, differences between the EAP and NAP classes with the same glycinin genotype were not significant at the 0.05 
probability level based on an F-test. 
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Table 2. Mean β-conglycinin (BC) and glycinin composition of seed from the 18 individual F3 plants for each of eight 
genotypic classes from four populations harvested at Huxley, IA, in 2010 from which lines were derived for the yield 
tests in 2011.  
Population Glycinin Alleles α′ Class BC† α′ α β Glycinin‡ A3 A124 Basic 
    
------------------------------------------g kg-1-------------------------------------- 
1 gy1 gy2 Gy3 gy4 Gy5 EAP§ 1 449c# 170cd 121d 158b 134a  67a  24a  44a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP¶ 5 463c 145f 190b 128d 122a  65a  16a  42a 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 523a 190b 142c 191a   37c    0b  22a  15cd 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 526a 166d 216a 144bcd   29c    0b  16a  13d 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 486b 175c 124d 186a   91b  65a    0b  26b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 492b 154e 199b 139cd   83b  60a    0b  23bc 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 528a 199a 141c 188a     0d    0b    0b    0e 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 539a 169cd 222a 148bc     0d    0b    0b    0e 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 425e 162c 117e 146b 136a  69a  17b  50a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 437de 141e 178c 118d 127a  64a  16b  47a 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 475bc 184b 132d 159a   44c    0b  22a  21bc 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 489ab 156cd 196ab 136c   32c    0b  15b  16c 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 427e 167c 119e 141bc   97b  68a    0c  39b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 458cd 148de 185bc 125d   87b  63a    0c  25b 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 499ab 198a 139d 162a     0d    0b    0c    0d 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 503a 164c 203a 136c     0d    0b    0c    0d 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 428e 171c 122e 135a 147a  74a  22a  52a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 443de 146e 196b 101c 119b  62b  14b  44b 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 473c 200a 139cd 134a   43e    0c  21a  22de 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 483bc 165cd 219a   99c   30f    0c  14b  17e 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 438e 182b 135d 121b   99c  68a    0c  30c 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 456d 155de 202b   98c   87d  61b    0c  25cd 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 494ab 205a 147c 141a     0g    0c    0c    0f 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 501a 182b 225a   94c     0g    0c    0c    0f 
 
 
39 
 
3
9
 
Table 2. Continued. 
Population Glycinin Alleles α′ Class BC α′ α β Glycinin A3 A124 Basic 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 421d 171bc 124e 125b 150a  74a  19b  57a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 443cd 152d 185c 107c 136b  71a  15b  50ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 492ab 203a 149d 140a   47d    0b  24a  22cd 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 493ab 166bcd 218ab 110c   36d    0b  17b  19d 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 432cd 180b 129de 123b 115c  78a    0c  36bc 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 460bc 156cd 201bc 103c 104c  73a    0c  31cd 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 497ab 206a 148d 142a     0e    0b    0c    0e 
  gy1 gy2 gy3 gy4 gy5 NAP 8 524a 175b 227a 121b     0e    0b    0c    0e 
† BC, total β-conglycinin. 
‡ Glycinin, total glycinin. 
§ EAP, elevated α′ concentration. 
¶ NAP, normal α′ concentration. 
# Means within a column and trait with the same letter were not significantly different at the 0.05 probability level based 
on Tukey’s honestly significant difference (Tukey, 1949). 
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Table 3. Ranges for β-conglycinin (BC) composition from the 18 individual F3 plants for each of eight genotypic classes 
from four soybean populations harvested at Huxley, IA, in 2010 from which lines were derived for the yield tests in 
2011. 
Population Glycinin Alleles α′ Class BC† α′ α β 
    
-----------------------------------g kg-1‡--------------------------------- 
1 gy1 gy2 Gy3 gy4 Gy5 EAP§ 1 400 - 513** 161 - 189* 110 - 146** 120 - 188** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP¶ 5 427 - 500ns# 130 - 153ns 162 - 208ns 107 - 153** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 449 - 590** 178 - 211* 123 - 160* 141 - 231** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 468 - 564ns 152 - 187ns 177 - 253** 113 - 195** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 434 - 546** 162 - 224ns 111 - 137ns 135 - 236** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 458 - 536* 138 - 163ns 165 - 219*   97 - 167** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 486 - 600ns 185 - 217ns 132 - 157ns 144 - 242** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 501 - 604ns 155 - 174ns 185 - 246* 120 - 201** 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 379 - 475* 153 - 175ns 103 - 126* 108 - 192** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 378 - 492* 129 - 148ns 151 - 216ns   83 - 154** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 429 - 509ns 175 - 200ns 115 - 152ns 126 - 185** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 448 - 547ns 149 - 165ns 181 - 220ns 116 - 162* 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 384 - 486* 160 - 178ns 102 - 138ns 111 - 200** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 412 - 523** 137 - 157* 155 - 226ns   87 - 163** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 457 - 539ns 188 - 220ns 125 - 173ns 127 - 203* 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 429 - 561* 155 - 174ns 180 - 228ns   90 - 176** 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 385 - 470* 160 - 182ns 109 - 160* 104 - 166** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 402 - 498ns 130 - 153ns 154 - 230ns   74 - 144** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 445 - 510ns 188 - 217ns 131 - 149ns 111 - 177** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 439 - 534** 153 - 171ns 190 - 248*   73 - 145** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 404 - 469ns 173 - 194ns 120 - 174**   91 - 156** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 418 - 500* 147 - 163ns 162 - 222ns   71 - 138** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 448 - 557** 177 - 223* 126 - 185** 114 - 174** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 446 - 543** 161 - 194ns 186 - 257*   55 - 128** 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 400 - 450ns 161 - 180ns 112 - 140*   87 - 148** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 414 - 489* 144 - 158ns 158 - 209ns   87 - 150** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 454 - 543* 193 - 220ns 135 - 182** 110 - 194** 
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Table 3. Continued. 
Population Glycinin Alleles α′ Class BC α′ α β 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 454 - 540** 151 - 175ns 181 - 248**   85 - 139** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 392 - 469ns 172 - 193ns 120 - 153ns   94 - 160** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 418 - 496ns 149 - 163ns 162 - 220ns   72 - 123* 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 453 - 537* 194 - 221ns 131 - 188** 101 - 167** 
  gy1 gy2 gy3 gy4 gy5 NAP 8 483 - 571ns 150 - 197* 209 - 257ns   81 - 150** 
* Significant differences among lines within a class at a 0.05 probability level based on an F-test. 
** Significant difference among lines within a class at a 0.01 probability level based on an F-test. 
† BC, total β-conglycinin 
‡ Concentrations of BC components expressed as g kg-1 of seed protein. 
§ EAP, elevated α′ subunit. 
¶ NAP, normal α′ subunit. 
# ns, differences among lines within a class were not significant at the 0.05 probability level based on an F-test. 
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Table 4. Ranges for glycinin composition from the 18 individual F3 plants for each of eight genotypic classes from four 
soybean populations harvested at Huxley, IA in 2010 from which lines were derived for the yield tests in 2011. 
Population Glycinin Alleles α′ Class Glycinin† A3 A124 Basic 
    
----------------------------------g kg-1‡------------------------- 
1 gy1 gy2 Gy3 gy4 Gy5 EAP§ 1   87 - 172* 31 - 86ns 10 - 55ns 22 - 63* 
 
gy1 gy2 Gy3 gy4 Gy5 NAP¶ 5 103 - 149* 57 - 77ns 10 - 22* 32 - 54ns 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2   27 - 47**   0 - 0ns 15 - 31** 12 - 20ns 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6   12 - 39ns#   0 - 0ns   6 - 22ns   4 - 17ns 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3   73 - 111ns 53 - 76*   0 - 0ns 19 - 36ns 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7   59 - 102* 45 - 70ns   0 - 0ns 15 - 35ns 
 
gy1 gy2 gy3 gy4 gy5 EAP 4     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
 
gy1 gy2 gy3 gy4 gy5 NAP 8     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 113 - 164ns 63 - 78ns   8 - 24* 34 - 69ns 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 102 - 145ns 55 - 74*   9 - 22* 36 - 54ns 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2   35 - 55ns   0 - 0ns 18 - 32** 17 - 25ns 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6   18 - 44ns   0 - 0ns   9 - 24ns   8 - 20ns 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3   84 - 111ns 61 - 76ns   0 - 0ns 23 - 35ns 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7   67 - 104** 48 - 72*   0 - 0ns 19 - 32* 
 
gy1 gy2 gy3 gy4 gy5 EAP 4     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
 
gy1 gy2 gy3 gy4 gy5 NAP 8     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 111 - 174** 59 - 81* 10 - 31ns 37 - 61* 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5   86 - 139ns 52 - 69ns   3 - 21** 25 - 73ns 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2   13 - 60ns   0 - 0ns   5 - 30ns   8 - 36ns 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6   14 - 49ns   0 - 0ns   6 - 23ns   9 - 28ns 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3   71 - 126* 48 - 83*   0 - 0ns 22 - 44* 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7   62 - 110ns 45 - 81ns   0 - 0ns 17 - 32ns 
 
gy1 gy2 gy3 gy4 gy5 EAP 4     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
 
gy1 gy2 gy3 gy4 gy5 NAP 8     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1   98 - 186ns 36 - 89ns   4 - 31** 38 - 68ns 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 114 - 162ns 60 - 79ns   7 - 22ns 39 - 61ns 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2   19 - 76**   0 - 0ns 10 - 45**   9 - 31** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6   25 - 46*   0 - 0ns 10 - 23** 14 - 24ns 
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Table 4. Continued. 
Population Glycinin Alleles α′ Class Glycinin† A3 A124 Basic 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3   99 - 136* 68 - 94**   0 - 0ns 27 - 42ns 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7   87 - 129** 60 - 92**   0 - 0ns 24 - 45ns 
 
gy1 gy2 gy3 gy4 gy5 EAP 4     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
  gy1 gy2 gy3 gy4 gy5 NAP 8     0 - 0ns   0 - 0ns   0 - 0ns   0 - 0ns 
* Significant differences among lines within a class at a 0.05 probability level based on an F-test. 
** Significant difference among lines within a class at a 0.01 probability level based on an F-test. 
† Glycinin, total glycinin. 
‡ Concentrations of glycinin components expressed as g kg-1 of seed protein. 
§ EAP, elevated α′ subunit. 
¶ NAP, normal α′ subunit 
# ns, differences among lines within a class were not significant at the 0.05 probability level based on an F-test. 
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Table 5. Mean seed yield, maturity, and protein and oil concentrations of the 18 F3-derived lines for each of eight 
genotypic classes from four soybean populations grown at three locations in 2011. 
Population Glycinin Alleles α′ Class Yield Maturity Protein Oil 
    
kg ha-1 days† -------g kg-1‡------- 
1 gy1 gy2 Gy3 gy4 Gy5 EAP§ 1 2803a# 26.2bc 396ab 208ab 
 
gy1 gy2 Gy3 gy4 Gy5 NAP¶ 5 2827a 26.2bc 401a 208a 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2943a 26.4abc 394bc 208ab 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2918a 25.7c 395b 210a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2737a 27.3a 388de 210a 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2841a 27.0abc 398ab 205b 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2763a 27.3a 383e 208ab 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2897a 26.2bc 390cd 208ab 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 2899a 27.6b 396cd 202a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 2813ab 27.5b 404a 199abc 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2852ab 27.8b 396d 202a 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2765ab 27.7b 400bcd 200abc 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2846ab 28.6ab 394d 201ab 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2810ab 28.1b 402ab 197c 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2846ab 29.7a 392d 197bc 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2649b 27.9b 400abc 197c 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 3201ab 28.0abc 403a 204ab 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 3200ab 29.0a 400ab 207ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 3311a 28.3abc 396bcd 205ab 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 3313a 27.4c 391d 208a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 3253ab 28.1abc 403a 203b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 3076b 28.8ab 397bc 205ab 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 3295a 28.5ab 397bc 203b 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 3238ab 28.0bc 394cd 203ab 
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Table 5. Continued. 
Population Glycinin Alleles α′ Class Yield Maturity Protein Oil 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 3143a 27.5a 400a 201abc 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 3019a 28.5a 398a 201ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 3217a 28.9a 402a 197cd 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 3132a 24.9b 399a 202a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2984a 29.1a 403a 196d 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2919a 27.9a 401a 198abcd 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2914a 27.8a 400a 197cd 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 3023a 27.3a 400a 197bcd 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ EAP, elevated α′ concentration. 
¶ NAP, normal α′ concentration. 
# Means within a column and trait with the same letter were not significantly different at the 0.05 probability level  
based on Tukey’s honestly significant difference (Tukey, 1949).  
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Table 6. Ranges for yield, maturity, protein and oil concentration of the 18 F3-derived lines for each of eight genotypic 
classes from four populations grown at three locations in 2011. 
Population Glycinin Alleles α′ Class Yield Maturity Protein Oil 
    
kg ha-1 days† --------------g kg-1‡------------ 
1 gy1 gy2 Gy3 gy4 Gy5 EAP§ 1 2217 - 3143* 19.0 - 30.2** 375 - 406** 202 - 224** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP¶ 5 2349 - 3111* 22.2 - 31.3** 393 - 413** 201 - 217** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2363 - 3357ns# 23.2 - 29.5** 381 - 412** 199 - 215** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2507 - 3174** 21.3 - 29.7** 378 - 415** 195 - 218** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2408 - 2964** 23.3 - 31.0** 367 - 402** 202 - 223** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2551 - 3104ns 23.3 - 32.2** 384 - 410** 195 - 218** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2012 - 3228ns 23.3 - 30.2** 365 - 393** 199 - 222** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2471 - 3153ns 22.3 - 30.0** 381 - 404** 195 - 216** 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 2357 - 3219ns 24.2 - 31.0** 383 - 415** 192 - 210** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 2451 - 3151ns 23.7 - 32.3** 388 - 427** 188 - 213** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2555 - 3184ns 24.0 - 32.7** 387 - 407** 192 - 211** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2364 - 3015* 24.2 - 30.3** 387 - 416** 187 - 209** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2572 - 3105* 24.8 - 31.8** 379 - 409** 193 - 209** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2587 - 3019* 25.5 - 30.5** 383 - 416** 190 - 212** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2133 - 3144ns 25.3 - 32.7** 383 - 410** 188 - 205** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2342 - 3202ns 22.5 - 33.3** 387 - 417** 186 - 204** 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 2811 - 3614ns 25.0 - 32.3** 387 - 419** 197 - 218** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 2936 - 3497ns 24.7 - 32.7** 380 - 412** 198 - 218** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2839 - 3630ns 24.3 - 32.5** 384 - 408** 196 - 218** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2794 - 3851* 22.5 - 32.8** 376 - 404** 200 - 220** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2930 - 3429* 24.8 - 31.3** 389 - 420** 193 - 213** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2748 - 3484* 24.3 - 33.0** 384 - 408** 197 - 213** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2734 - 3570ns 23.3 - 31.8** 381 - 409** 194 - 215** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2686 - 3671ns 24.7 - 31.5** 380 - 404** 197 - 210** 
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Table 6. Continued. 
Population Glycinin Alleles α′ Class Yield Maturity Protein Oil 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 2752 - 3453** 24.0 - 31.2** 388 - 412** 193 - 213** 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 2348 - 3470* 23.3 - 32.7** 383 - 414** 193 - 210** 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2851 - 3519ns 23.3 - 33.0** 390 - 420** 189 - 209** 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2514 - 3424** 22.0 - 28.3** 385 - 418** 191 - 209** 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2684 - 3376ns 25.3 - 33.8** 384 - 415** 186 - 209** 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2571 - 3198** 23.0 - 31.5** 386 - 413** 191 - 208** 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2320 - 3421* 23.2 - 33.0** 390 - 413** 187 - 208** 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2675 - 3455** 22.8 - 32.0** 391 - 409** 190 - 202* 
* Significant differences among lines within a class at a 0.05 probability level based on an F-test. 
** Significant difference among lines within a class at a 0.01 probability level based on an F-test. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ EAP, elevated α′ concentration. 
¶ NAP, normal α′ concentration. 
# ns, differences among lines within a class were not significant at the 0.05 probability level based on an F-test. 
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Table 7. Mean seed yield and maturity for eight genotypic classes from four soybean populations at the three locations 
in which they were grown in 2011. 
        Yield Maturity 
Population Glycinin Alleles α′ Class BL† FN‡ HX§ BL FN HX 
    
--------------kg ha-1------------- -------------days¶------------- 
1 gy1 gy2 Gy3 gy4 Gy5 EAP# 1 2927a‡‡ 2579a 2902b 19.7a 30.3a 28.8b 
 
gy1 gy2 Gy3 gy4 Gy5 NAP†† 5 2757a 2870a 3202a 19.0a 30.8a 28.9b 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2844a 2533a 2834b 19.4a 31.3a 28.6b 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2878a 2527a 2884b 18.6a 29.9a 28.7b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2977a 2784a 2994ab 20.2a 31.0a 29.9a 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2923a 2612a 2987ab 20.4a 31.3a 30.1a 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2906a 2742a 3042ab 18.9a 30.7a 29.0b 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 2830a 2791a 3079a 20.3b 32.9ab 29.7bc 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 2811a 2699ab 3045a 20.6b 32.3b 29.5c 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2881a 2680ab 2972a 21.1b 32.4b 29.9bc 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2728ab 2698ab 3107a 20.8b 32.4b 29.8bc 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2789a 2667ab 2988a 21.8b 33.6ab 30.6ab 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 2691ab 2703ab 2908a 21.0b 33.1ab 30.3abc 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2870a 2692ab 2875a 23.7a 34.2a 31.1a 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 2505b 2557b 2888a 21.1b 32.1b 30.5ab 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 3269ab 3116a 3221ab 20.1ab 32.4b 31.5a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 3502a 3122a 3303ab 21.7a 33.2a 32.2a 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 3367ab 3190a 3199abc 20.7ab 32.7b 31.6a 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 3336ab 3226a 3325a 19.1b 31.8c 31.2a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 3365ab 3180a 3055bc 20.0ab 32.8ab 31.6a 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 3442ab 3207a 3293ab 21.1a 33.3a 31.9a 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 3234b 3068a 2925c 21.2a 32.9ab 31.3a 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 3398ab 3220a 3092abc 20.0ab 32.4b 31.5a 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 3070ab 3143a 3215ab 19.1cd 32.7c 30.7b 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 3247a 3105a 3299a 20.4ab 33.9a 31.3ab 
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Table 7. Continued. 
Population Glycinin Alleles α′ Class BL FN HX BL FN HX 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 2993bc 2949a 3009ab 21.3a 33.6ab 31.7a 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 2596e 3076a 3071ab 14.7e 30.6d 29.5c 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 2966bcd 3066a 3026ab 21.3a 34.1a 31.9a 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 3024bc 3052a 3320a 19.6bc 33.6ab 30.6b 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 2833cd 3009a 2916b 19.1cd 33.1bc 31.2ab 
  gy1 gy2 gy3 gy4 gy5 NAP 8 2800d 3072a 3198ab 18.5d 32.7c 30.8b 
† BL, Bloomington, IL. 
‡ FN, Findlay, OH. 
§ HX, Huxley, IA. 
¶ Maturity reported in the number of days after 31 August. 
# EAP, elevated α′ concentration. 
†† NAP, normal α′ concentration. 
‡‡ Means within a column and trait with the same letter were not significantly different at the 0.05 probability level 
based on Tukey’s honestly significant difference (Tukey, 1949).  
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Table 8. Mean protein and oil concentrations for eight genotypic classes from four soybean populations at the three 
locations in which they were grown in 2011. 
        Protein Oil 
Population Glycinin Alleles α′ Class BL† FN‡ HX§ BL FN HX 
    
--------------------------------g kg-1¶------------------------------ 
1 gy1 gy2 Gy3 gy4 Gy5 EAP# 1 376ab‡‡ 422ab 391a 227bc 192a 205ab 
 
gy1 gy2 Gy3 gy4 Gy5 NAP†† 5 380a 427a 394a 228abc 190a 207ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 372abc 422ab 389a 228bc 190a 206ab 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 374ab 421ab 390a 229ab 192a 208a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 364cd 418ab 382a 232a 192a 206ab 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 379a 423a 391a 224c 189a 201b 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 360d 411b 380a 229ab 191a 205ab 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 368bcd 419ab 383a 228ab 189a 205ab 
2 gy1 gy2 Gy3 gy4 Gy5 EAP 1 373ab 423bc 394ab 223a 185ab 198a 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 378a 432a 401a 221ab 181bcd 196bc 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 373ab 421c 394ab 221ab 186a 199a 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 375ab 428abc 397ab 221ab 183abcd 197ab 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 369b 422c 392ab 222ab 184abc 196bc 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 376a 431ab 400a 219bc 180d 192d 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 368b 421c 389b 216c 182bcd 193d 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 378a 427abc 396ab 217c 180cd 194cd 
3 gy1 gy2 Gy3 gy4 Gy5 EAP 1 374a 433a 402a 228ab 185c 199ab 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 370a 431ab 400a 230a 189b 201ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 370a 423cd 395a 226ab 189b 201ab 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 364a 419d 392a 229ab 193a 202a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 374a 431ab 402a 226ab 186bc 197b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 369a 425bc 397a 227ab 189b 198ab 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 370a 426bc 394a 223b 187bc 198ab 
 
gy1 gy2 gy3 gy4 gy5 NAP 8 368a 420cd 393a 224ab 189ab 197b 
4 gy1 gy2 Gy3 gy4 Gy5 EAP 1 373a 431a 396a 221a 184ab 197ab 
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Table 8. Continued. 
Population Glycinin Alleles α′ Class BL FN HX BL FN HX 
 
gy1 gy2 Gy3 gy4 Gy5 NAP 5 371a       428a 395a 222a 185a 196ab 
 
gy1 gy2 Gy3 gy4 gy5 EAP 2 377a 432a 398a 215b 181bc 194b 
 
gy1 gy2 Gy3 gy4 gy5 NAP 6 372a 428a 395a 222a 185a 199a 
 
gy1 gy2 gy3 gy4 Gy5 EAP 3 378a 435a 397a 215b 180c 194b 
 
gy1 gy2 gy3 gy4 Gy5 NAP 7 378a 430a 396a 217b 182abc 195ab 
 
gy1 gy2 gy3 gy4 gy5 EAP 4 378a 427a 394a 213b 182abc 195b 
  gy1 gy2 gy3 gy4 gy5 NAP 8 377a 428a 395a 214b 183abc 195b 
† BL, Bloomington, IL. 
‡ FN, Findlay, OH. 
§ HX, Huxley, IA. 
¶ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
# EAP, elevated α′ concentration. 
†† NAP, normal α′ concentration. 
‡‡ Means within a column and trait with the same letter were not significantly different at the 0.05 probability level 
based on Tukey’s honestly significant difference (Tukey, 1949). 
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Table 9. Analysis of variance for 18 individual F3 plants for each of eight genotypic 
classes for population 1, MV0119 Χ MV0121, grown at three locations in 2011.  
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 7107534.1 * 10851.8 ** 175878.5 ** 204106.2 ** 
Replication/L 3 457254.9 ** 135.9 ** 1191.9 ** 1470.6 ** 
Class (C) 7 586245.4 ns¶ 36.4 ** 3495.2 ** 1896.1 ** 
Genotype/Class (G/C) 136 261127.4 ** 34.2 ** 389.2 ** 26716.8 ** 
     Genotype/Class 1 (C1) 17 274149.3 * 53.0 ** 385.8 ** 217.2 ** 
     Genotype/Class 2 (C2) 17 138228.7 ns 22.0 ** 379.6 ** 126.5 ** 
     Genotype/Class 3 (C3) 17 277250.6 ** 27.5 ** 536.2 ** 235.1 ** 
     Genotype/Class 4 (C4) 17 131420.4 ns 34.3 ** 343.1 ** 175.7 ** 
     Genotype/Class 5 (C5) 17 375399.1 * 25.8 ** 249.5 ** 140.8 ** 
     Genotype/Class 6 (C6) 17 551922.2 ** 23.9 ** 492.7 ** 257.5 ** 
     Genotype/Class 7 (C7) 17 186039.3 ns 44.7 ** 474.1 ** 260.5 ** 
     Genotype/Class 8 (C8) 17 154610.0 ns 42.5 ** 253.4 ** 158.6 ** 
L x C 14 303163.4 ** 4.2 ns 120.4 * 778.7 ** 
L x G/C 272 102062.3 ** 5.8 ** 72.0 ns 7393.9 ** 
      L x C1 34 99297.7 ns 5.4 ns 77.9 ns 33.2 * 
      L x C2 34 90949.0 ns 5.5 * 67.9 ns 24.0 ** 
      L x C3 34 68550.7 ns 7.4 ** 87.5 ns 29.6 ns 
      L x C4 34 84431.5 ns 5.6 * 51.3 ns 18.5 ns 
      L x C5 34 151036.0 ** 4.0 ns 69.2 ns 27.3 * 
      L x C6 34 109252.6 ns 5.1 * 50.0 ns 20.6 * 
      L x C7 34 115666.8 ns 5.8 * 91.1 * 30.1 * 
      L x C8 34 97314.3 ns 7.8 ** 82.0 ns 34.3 * 
Error 429 69876.7 
 
2.8 
 
64.2 
 
16.5 
 CV (%)§ 
 
9.3 
 
6.3 
 
2.0 
 
2.0 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Coefficient of variation. 
¶ ns, not significant at the 0.05 probability level. 
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Table 10. Analysis of variance for 18 individual F3 plants for each of eight genotypic 
classes for population 2, MV0119 Χ MV0122, grown at three locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 6310290.9 ns¶ 10573.8 ** 193456.4 ** 204615.6 ** 
Replication/L 3 1109960.1 ** 45.3 ** 1932.8 ** 2317.7 ** 
Class (C) 7 601131.5 * 56.7 ** 1678.1 ** 3592.2 ** 
Genotype/Class (G/C) 136 209686.0 ** 30.9 ** 370.9 ** 23392.0 ** 
     Genotype/Class 1 (C1) 17 281355.6 ns 24.9 ** 488.2 ** 161.0 ** 
     Genotype/Class 2 (C2) 17 125547.3 ns 42.8 ** 228.6 ** 188.5 ** 
     Genotype/Class 3 (C3) 17 227017.8 * 21.5 ** 281.6 ** 130.8 ** 
     Genotype/Class 4 (C4) 17 71265.5 ns 24.2 ** 336.5 ** 174.5 ** 
     Genotype/Class 5 (C5) 17 139651.0 ns 32.4 ** 565.1 ** 184.3 ** 
     Genotype/Class 6 (C6) 17 341011.7 * 25.0 ** 352.4 ** 193.4 ** 
     Genotype/Class 7 (C7) 17 230243.8 * 20.2 ** 362.0 ** 182.9 ** 
     Genotype/Class 8 (C8) 17 275867.0 ns 56.3 ** 354.4 ** 160.4 ** 
L x C 14 178439.2 ** 6.3 ** 71.9 ** 714.9 ** 
L x G/C 272 126361.3 ** 6.3 ** 58.6 ** 7456.4 ** 
      L x C1 34 180538.1 ** 4.5 * 46.3 ns 26.4 ** 
      L x C2 34 126064.9 ns 8.4 ** 64.6 * 30.1 ** 
      L x C3 34 98262.1 * 6.0 * 53.0 * 19.4 * 
      L x C4 34 95925.6 * 3.7 ns 58.8 ** 19.0 ** 
      L x C5 34 97678.5 * 6.9 ** 46.7 ns 24.0 * 
      L x C6 34 155230.6 ** 6.2 ** 69.5 ** 26.6 ** 
      L x C7 34 92985.8 ** 6.6 ** 81.2 ** 50.3 ** 
      L x C8 34 164497.6 ** 8.3 ** 49.9 ns 23.6 ** 
Error 429 58915.1 
 
2.2 
 
32.1 
 
10.8 
 CV (%)§ 
 
8.6 
 
5.2 
 
1.4 
 
1.6 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Coefficient of variation. 
¶ ns, not significant at the 0.05 probability level. 
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Table 11. Analysis of variance for 18 individual F3 plants for each of eight genotypic 
classes for population 3, MV0120 Χ MV0121, grown at three locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 3475537.5 ns¶ 13099.0 ** 224881.8 ** 224990.3 ** 
Replication/L 3 951456.6 ** 25.4 ** 4741.6 ** 5625.6 ** 
Class (C) 7 624809.6 * 28.0 ** 1840.1 ** 2636.4 * 
Genotype/Class (G/C) 136 256649.7 ** 34.2 ** 320.0 ** 22563.6 ** 
     Genotype/Class 1 (C1) 17 318745.9 ** 28.7 ** 380.7 ** 180.9 ** 
     Genotype/Class 2 (C2) 17 113917.6 ns 30.4 ** 306.3 ** 178.0 ** 
     Genotype/Class 3 (C3) 17 126700.5 ns 25.1 ** 345.3 ** 171.5 ** 
     Genotype/Class 4 (C4) 17 252767.8 * 34.5 ** 286.4 ** 212.8 ** 
     Genotype/Class 5 (C5) 17 203991.7 * 29.3 ** 359.3 ** 163.1 ** 
     Genotype/Class 6 (C6) 17 319074.8 ** 50.1 ** 296.8 ** 198.8 ** 
     Genotype/Class 7 (C7) 17 370965.6 ** 46.8 ** 227.9 ** 142.8 ** 
     Genotype/Class 8 (C8) 17 351610.2 ** 28.9 ** 357.2 ** 79.4 ** 
L x C 14 200585.3 ** 4.2 * 106.5 ** 1383.1 ** 
L x G/C 272 97733.7 * 6.5 ** 43.5 ns 5233.3 ** 
      L x C1 34 104649.7 * 5.0 ** 26.5 ns 12.7 ns 
      L x C2 34 133263.7 * 7.0 ** 41.6 ns 18.6 ** 
      L x C3 34 87276.9 ns 5.6 ** 34.6 ns 15.9 ns 
      L x C4 34 100111.1 * 6.5 ** 37.8 ns 18.4 * 
      L x C5 34 94400.2 ns 4.4 * 47.1 ns 15.6 ns 
      L x C6 34 71281.6 ns 9.2 ** 44.7 ns 22.6 ns 
      L x C7 34 63866.3 ns 6.3 ** 55.3 * 27.5 ** 
      L x C8 34 126495.1 ns 8.0 ** 60.4 ns 22.5 ** 
Error 429 74260.8 
 
2.1 
 
40.8 
 
12.6 
 CV (%)§ 
 
8.4 
 
5.1 
 
1.6 
 
1.7 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Coefficient of variation. 
¶ ns, not significant at the 0.05 probability level. 
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Table 12. Analysis of variance for 18 individual F3 plants for each of eight genotypic 
classes for population 4, MV0120 Χ MV0122, grown at three locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 2665445.0 * 15937.6 ** 216878.9 ** 179351.9 ** 
Replication/L 3 60490.5 ns¶ 19.6 ** 702.5 ** 853.4 ** 
Class (C) 7 1303629.0 ns 182.8 ** 356.9 ns 3849.5 ** 
Genotype/Class (G/C) 136 299305.6 ** 39.9 ** 306.9 ** 20388.8 ** 
     Genotype/Class 1 (C1) 17 225819.6 ns 29.4 ** 257.6 ** 195.2 ** 
     Genotype/Class 2 (C2) 17 157141.5 * 46.3 ** 328.3 ** 180.3 ** 
     Genotype/Class 3 (C3) 17 380246.7 ** 46.0 ** 380.3 ** 205.2 ** 
     Genotype/Class 4 (C4) 17 164978.1 ns 42.4 ** 210.8 ** 168.0 ** 
     Genotype/Class 5 (C5) 17 279976.7 * 53.4 ** 375.3 ** 130.9 ** 
     Genotype/Class 6 (C6) 17 659701.3 ns 20.7 ** 309.9 ** 110.7 ** 
     Genotype/Class 7 (C7) 17 262817.9 ** 38.9 ** 377.2 ** 133.6 ** 
     Genotype/Class 8 (C8) 17 263762.4 ns 42.3 ** 215.7 ** 75.5 * 
L x C 14 497173.7 ** 21.2 ** 135.8 ** 1027.1 ** 
L x G/C 272 149825.3 ** 6.1 ** 56.3 ** 8403.7 ** 
      L x C1 34 44474.3 ns 6.1 ** 56.1 ns 32.9 ** 
      L x C2 34 75027.0 ns 8.5 ** 47.7 * 20.3 ** 
      L x C3 34 83390.7 ns 6.8 ** 64.4 ** 35.2 ** 
      L x C4 34 176373.2 ** 5.9 ** 49.8 ** 27.6 ** 
      L x C5 34 138482.4 ns 4.8 * 61.2 * 33.0 ** 
      L x C6 34 394428.7 ** 3.8 ** 44.9 ns 26.2 ** 
      L x C7 34 69660.3 ns 7.5 ** 61.8 ** 33.7 ** 
      L x C8 34 216765.8 ** 5.7 ** 64.3 ** 38.3 ** 
Error 429 63488.7 
 
2.1 
 
36.3 
 
10.9 
 CV (%)§ 
 
8.3   5.2   1.5   1.7   
* Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Coefficient of variation. 
¶ ns, not significant at the 0.05 probability level.
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Figure 1. Alignment of genomic sequences of the SNP marker BARC-025847-05113 in MV0060, MV0064, MV0122, 
MV0121, Williams 82 (W82), MV0040, MV0119, and MV0120.  Numbering is in relation to the start and end of the 
sequence data.  The arrows indicate the sequence polymorphisms that differentiate the EAP lines, MV0060, MV0064, 
MV0122, and MV0121 from the NAP lines, Williams 82, MV040, MV0119, and MV0120.   
 
 
MV0060          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTAAGTTTC  
MV0064          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTAAGTTTC  
MV0122          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTAAGTTTC  
MV0121          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTAAGTTTC  
W82             ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTCAGTTTC  
MV0040          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTCAGTTTC  
MV0119          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTCAGTTTC  
MV0120          ACAACGCTTCGGCCACGACCACTTTGCCAATTGACTCAGGTCGATACAATCCTCAGTTTC  
            (1) ***************************************************** ****** (60) 
 
MV0060          TTTCAGGTGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0064          TTTCAGGTGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0122          TTTCAGGTGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0121          TTTCAGGTGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
W82             TTTCAGATGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0040          TTTCAGATGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0119          TTTCAGATGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
MV0120          TTTCAGATGCTAGAATCGGAGAGGTTAAAAGGGTCACCAAGGAGACCAATGTATCAGTCA  
          (121) ****** ***************************************************** (180) 
 
MV0060          AAATAAACTTGGATGGTTCTGGGGTTGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0064          AAATAAACTTGGATGGTTCTGGGGTTGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0122          AAATAAACTTGGATGGTTCTGGGGTTGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0121          AAATAAACTTGGATGGTTCTGGGGTTGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
W82             AAATAAACTTGGATGGTTCTGGGGTGGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0040          AAATAAACTTGGATGGTTCTGGGGTGGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0119          AAATAAACTTGGATGGTTCTGGGGTGGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
MV0120          AAATAAACTTGGATGGTTCTGGGGTGGCTGATAGTAGTACTGGAATTCCCTTCCTCGATC  
          (181) ************************* ********************************** (240) 
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CHAPTER 3 
MOLECULAR MAPPING THE MUTANT fap4(A24) ALLELE FOR ELEVATED 
PALMITATE CONCENTRATION IN SOYBEAN 
 
Abstract 
 Soybean [Glycine max (L.) Merr.] oil with an elevated palmitate concentration 
may be useful for some food and industrial applications.  The objective of this study 
was to map the genetic location of the fap4(A24) allele that controls an increase in 
palmitate concentration and to identify molecular markers that can be used for 
marker-assisted selection (MAS) of the allele.  A cross was made between the 
mutant line A24(fap4fap4) and the cultivar Archer(Fap4Fap4), and DNA was 
collected from 22 F4 plants with normal palmitate and 22 F4 plants with elevated 
palmitate concentration.  The DNA samples were analyzed on the soybean single 
nucleotide polymorphism (SNP) chip developed by Monsanto Co.  Publicly available 
simple sequence repeat (SSR) markers were used to fine map the allele.  Based on 
the molecular analysis, the fap4(A24) allele was mapped to chromosome 3 (Linkage 
Group N) in an area between SSRs BARCSOYSSR_03_1260 and 
BARCSOYSSR_03_1313.  Seven SSRs and a SNP were identified in the region that 
perfectly differentiated the plants that were homozygous for the fap4(A24) allele for 
elevated palmitate or the Fap4 allele for normal palmitate.  The public SNP and 
SSRs should be useful for MAS of the fap4(A24) allele in segregating populations. 
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Introduction 
 Palmitate is one of the major saturated fatty esters in soybean [Glycine max 
(L.) Merr.] oil averaging 110 g kg-1 in conventional cultivars (Wilson, 2004).  Soybean 
oil with elevated palmitate concentration has greater oxidative stability than 
conventional soybean oil, which may be more useful for some food and industrial 
applications (Shen et al., 1997).  Mutant alleles that elevate palmitate concentration 
have been developed by chemical mutagenesis including the mutant alleles 
fap2(C1727) (Erickson et al., 1988), fap2(A21) (Fehr et al., 1991), fap2(A27) (De 
Vries et al., 2011b), fap4(A24) (Schnebly et al., 1994), fap6(A25) (Narvel et al., 
2000), and fap6(A30) (De Vries et al., 2011b).   
 Two Glycine max 3-ketoacyl-ACP synthase II (GmKAS II) genes are 
responsible for converting palmitate to stearate in the plastid (Ohlrogge and Browse, 
1995).  A single nucleotide polymorphism (SNP) creating a premature stop codon in 
the GmKAS II isoform A (GmKAS IIA) gene was identified in the fap2(C1727) allele 
(Aghoram et al., 2006).  De Vries et al. (2011b) identified SNPs in the GmKAS IIA 
gene causing nonconservative amino acid substitutions in the fap2(A21) and the 
fap2(A27) alleles.  They also observed SNPs in the GmKAS II isoform B (GmKAS 
IIB) gene for the fap6(A25) and fap6(A30) alleles.  They did not detect any SNPs in 
the two GmKAS II genes for the fap4(A24) allele.  The objective of this study was to 
determine the genetic location of the fap4(A24) locus for elevated palmitate 
concentration and to identify potential molecular markers that could be used for 
marker-assisted selection (MAS) of the allele in segregating populations. 
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Literature Review 
Fatty Acid Content in Soybean 
 Conventional soybean oil is composed of five major fatty acids: palmitic acid 
(16:0, 11%), stearic acid (18:0, 4%), oleic acid (18:1, 25%), linoleic acid (18:2, 52%), 
and linolenic acid (18:3, 8%) (Fehr, 2007).  Soybean fatty acids differ in the number 
of carbon and hydrogen atoms their structures contain.  Palmitic and stearic acid are 
saturated fatty acids containing no double bonds between carbon atoms.  Oleic, 
linoleic, and linolenic acid are unsaturated fatty acids containing one or more double 
bonds between carbon atoms (Ohlrogge and Browse, 1995).  Plant breeders have 
developed soybean varieties with modified fatty acid concentration to provide 
consumers with an improved fatty acid profile and healthier soybean oil (Fehr, 2007).   
 The fatty acid data summarized in this literature review was measured using 
gas chromatography (GC) with a method described by Hammond (1991).  For GC 
analysis fatty acids are converted to fatty esters with GC data reported as a 
percentage of the total fatty esters measured.  GC percentages can be converted to 
grams per kilogram by multiplying each percent obtained by 10 (Fehr, 2007).   
Fatty Acid Synthesis Pathway 
 Fatty acids in soybean contain either 16 or 18 carbon atoms with zero to three 
double bonds between carbons.  Carbon atoms used to build fatty acids are derived 
from acetyl-coenzyme A (CoA) and are available in the plastid for fatty acid 
production (Ohlrogge and Browse, 1995).  The fatty acid synthase complex requires 
four separate reactions for each elongation cycle starting with a condensation 
reaction, followed by a reduction, then dehydration, and a second reduction reaction.  
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Each cycle increases the fatty acid length by two carbon atoms requiring eight 
elongation cycles to build a 16 carbon fatty acid (Hildebrand et al., 2008).  The 
condensation reactions are catalyzed by three separate 3-ketoacyl-ACP synthase 
(KAS) enzymes.  The KAS III enzyme catalyzes the first condensation reaction by 
combining acetyl-CoA and malonyl-ACP to form a four carbon product called 3-
ketobutyrate.  The KAS I enzyme catalyzes the second series of condensation 
reactions going from butyryl-ACP (C4) to palmitoyl-ACP (C16).  The KAS II enzyme 
catalyzes the third condensation reaction going from palmitoyl-ACP (C16) to 
stearoyl-ACP (C18) (Ohlrogge and Browse, 1995; Hildebrand et al., 2008).  SNP 
mutations found in the GmKAS IIA and GmKAS IIB genes have been linked to 
elevated palmitate concentration associated with the fap2(C1727) (Wilson et al., 
2001; Aghoram et al., 2006), fap2(A21), fap2(A27), fap6(A25), and fap6(A30) alleles 
in soybean (De Vries et al., 2011b).  Fatty acid synthesis can be terminated when 
thioesterase enzymes hydrolyze the acyl-ACP releasing free fatty acids that cross 
the plastid membrane and enter the cytosol to be utilized in cellular membranes or 
incorporated into triacylglycerol (TAG) molecules.  TAG molecules are formed when 
all three positions on glycerol contain fatty acids and are used to store 90% of fatty 
acids in soybean oil (Ohlrogge and Browse, 1995; Hildebrand et al., 2008).  
Triacylglycerol lipases can hydrolyze TAG molecules into mono- and di-glycerides, 
glycerol, and free fatty acids including palmitate (Ohlrogge and Browse, 1995).   
Importance of Elevated Palmitate Soybean Oil 
 Soybean oil with elevated palmitate concentration has increased oxidative 
stability and may provide more value to food processors and the biodiesel industry 
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due to increased usability and extended shelf-life (Shen et al., 1997; Dunn, 2005).  
Oil with elevated palmitate concentration may undergo interesterification to raise the 
melting temperature or be blended with high-melting oils to produce solid fats and 
margarines at room temperature avoiding hydrogenation and the formation of trans-
fatty acids (Kok et al., 1999). 
Development and Inheritance of Mutant Alleles for Elevated Palmitate 
 Palmitate is one of the major saturated fatty esters measured in soybean oil 
averaging 110 g kg-1 in commercial cultivars.  Mutant alleles that modify palmitate 
concentration have been developed by chemical mutagenesis (Erickson et al., 1988; 
Fehr et al., 1991; Schnebly et al., 1994; Narvel et al., 2000; Stoltzfus et al., 2000a; 
Stoltzfus et al., 2000b) with a range in palmitate content of > 40 g kg-1 to < 400 g kg-1 
(Stoltzfus et al., 2000a).  The following mutant alleles have been associated with 
elevated palmitate concentration: fap2(C1727) (Erickson et al., 1988), fap2(A21) 
(Fehr et al., 1991), fap4(A24) (Schnebly et al., 1994), fap5(A27) (Stoltzfus et al., 
2000a), fap6(A25) (Narvel et al., 2000), and fap7(A30) (Stoltzfus et al., 2000b).     
 Erickson et al. (1988) treated soybean seed from the cultivar Century with 
ethyl methanesulfonate (EMS) to develop a mutant line C1727 with ≈ 173 g kg-1 
palmitate concentration that was later designated the fap2 allele.  The elevated 
palmitate concentration for fap2(C1727) was reported to be controlled by a single 
gene with additive gene action (Erickson et al., 1988).  Fehr et al. (1991) developed 
two mutant soybean lines, A21 and A24, with > 180 g kg-1 palmitate concentration by 
treating soybean seed from A1937 with N-nitroso-N-methylurea (NMU) and soybean 
seed from ‘Elgin’ with EMS.  A21 was crossed with A24 to determine their genetic 
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relationship, progeny with > 250 g kg-1 palmitate concentration were obtained and 
progeny segregation ratios indicated that the two mutant lines have different alleles 
at two independent loci.  A21 was crossed with C1727 and in the F2 generation no 
transgressive segregants were observed indicating that the two mutant lines both 
possess alleles at the fap2 locus or at closely linked loci.  The mutant allele in A21 
was assigned fap2(A21) (Fehr et al., 1991) and the mutant allele in A24 was 
assigned fap4(A24) (Schnebly et al., 1994).  Stoltzfus et al. (2000a) developed a 
mutant line A27 with ≈ 160 g kg-1 palmitate by treating seeds from ‘Kenwood’ with 
EMS and reported that the fap5(A27) allele for elevated palmitate concentration was 
at a single locus with additive gene action and was independent of the fap4(A24) 
and fap6(A25) loci, but closely linked to the fap2(A21) locus.  Narvel et al. (2000) 
treated soybean seed from Kenwood with EMS to obtain a mutant line A25 with a 
palmitate concentration of ≈ 170 g kg-1 that was designated the fap6(A25) allele and 
was reported to be a single locus that was independent of the fap2(A21), fap4(A24), 
and fap5(A27) loci.  By combining the fap2(A21), fap4(A24), and fap6(A25) alleles 
for elevated palmitate, a soybean line with 398 g kg-1 palmitate was obtained (Narvel 
et al., 2000).  Stoltzfus et al. (2000b) developed the mutant line A30 with ≈ 160 g kg-1 
palmitate by treating seeds from the soybean line A89-144026 with NMU and 
reported that the fap7(A30) allele for elevated palmitate concentration was at a 
single locus with additive gene action and was independent of the fap2(A21) and 
fap4(A24) loci, but closely linked to the fap6(A25) locus.   
 Classical genetic studies based on F2 progeny segregation reported that the 
fap2(C1727), fap2(A21), and fap5(A27) alleles were located at the same locus or on 
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tightly linked loci (Erickson et al., 1988; Fehr et al., 1991; Stoltzfus et al., 2000a).  
The fap6(A25) and fap7(A30) alleles were considered to be on tightly linked loci 
(Stoltzfus et al., 2000b).  The fap4(A24) allele was found to segregate independently 
from all other elevated palmitate mutations (Schnebly et al., 1994).  Overall, there 
may be three or more genetic regions associated with elevated palmitate 
concentration in soybean. 
Molecular Characterization of Elevated Palmitate Alleles 
 Schmutz et al. (2010) reported the whole genome sequence for soybean 
variety Williams 82.  The soybean genome is reported to be an ancient polyploid that 
has undergone two genome duplication events.  Whole genome duplication resulted 
in multiple copies of 75% of soybean genes.  Soybean has an increase in the 
number of genes involved in fatty acid synthesis when compared to Arabidopsis, 
with multiple copies of the KAS II gene.   
 The fap2(C1727) allele was the first elevated palmitate allele to be analyzed 
for molecular characterization (Aghoram et al., 2006).  Wilson et al. (2001) 
associated the fap2(C1727) allele with a decrease in KAS II enzyme activity.  The 
KAS II enzymes are responsible for elongation of the 16-carbon palmitoyl-ACP to 
the 18-carbon stearoyl-ACP (Ohlrogge and Browse, 1995).  Aghoram et al. (2006) 
isolated the GmKAS IIA and GmKAS IIB genes from both Century and C1727 and 
discovered a single base-pair substitution in the GmKAS IIA gene from C1727.  The 
substitution converted a tryptophan into a premature stop codon that results in a 
non-functional gene product. 
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 De Vries et al. (2011b) researched whether mutations in the GmKAS II genes 
also were associated with elevated palmitate mutant lines A21, A24, A25, A27, and 
A30.  They found that the fap2(A21) allele resulted from two consecutive SNPs 
located in the GmKAS IIA gene.  The fap5(A27) also had a SNP mutation in the 
GmKAS IIA gene, resulting in a change in its designation fap2(A27).  For the 
fap6(A25) and fap7(A30) alleles, SNP mutations were discovered at different 
locations in the GmKAS IIB gene.  They recommended that the designation remain 
unchanged for fap6(A25) with the allele for A30 changed to fap6(A30).  No 
mutations were found in the two KAS II genes for the fap4(A24) allele.  The 
objectives of this research are to determine the location of the region associated with 
the fap4(A24) allele and to identify any molecular markers that may be used for MAS 
for the allele.       
Mapping Quality Traits and Selectable Marker Development 
 Molecular markers utilized for MAS for quality traits have become an 
important tool for plant breeders.  Many fatty acid mutations have been 
characterized and selectable markers have been developed for use in backcrossing 
and population development.  Spencer et al. (2002) mapped the fas locus controlling 
stearate content in soybean using SSR markers and reported that three SSRs 
located on the same chromosome may be used for selection of elevated stearate 
concentration.  Bilyeu et al. (2005) used the candidate gene approach to identify two 
mutations in the FAD3 genes that would allow for development of SNP markers for 
selection of low linolenate concentration.  Aghoram et al. (2006) identified a SNP in 
the GmKAS IIA gene associated with elevated palmitate concentration caused by 
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the fap2(C1727) allele and developed a cleavage amplified polymorphic sequence 
(CAPS) marker that distinguishes the mutant allele.  De Vries et al. (2011a) 
developed a selectable SNP marker for the fap3(A22) locus for reduced palmitate 
concentration in soybean based on a SNP in the GmFATB1a gene that caused a 
premature stop codon.  Plant breeding programs can use molecular markers 
associated with favorable phenotypes to incorporate fatty acid mutations into 
populations to modify soybean oil profile. 
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Materials and Methods 
Plant Material 
 The mutant line A24 with the fap4(A24) allele was developed by treating seed 
of the cultivar Elgin with ethyl methanesulfonate (Fehr et al., 1991; Schnebly et al., 
1994).  The line was crossed to the cultivar Archer(Fap4Fap4) with normal palmitate 
concentration at the Agricultural and Agronomy Research Center near Ames, IA in 
May 2001.  The F1 seeds were planted at the Iowa State University-University of 
Puerto Rico research station near Isabela, PR in October 2001.  Each F1 plant was 
harvested individually and five individual F2 seeds from each plant were evaluated 
for palmitate concentration by gas chromatography using the method described by 
Hammond (1991).  The F1 plants producing seed that segregated for palmitate 
concentration were considered true hybrids.  A total of 220 F2 seeds and seeds from 
each parent were planted at the research station near Isabela, PR in February 2002.  
The F2 and parent plants were harvested individually.   
 The F3 progeny of 102 random F2 plants were randomly selected from the F2-
derived entries along with four entries of each parent and were grown in a 
randomized complete-block design with one replication at the Agronomy Farm and 
one replication at the Burkey Farm of Iowa State University near Ames, IA in May 
2002.  The soil type at both locations is a Nicollet loam (fine-loamy, mixed, 
superactive, mesic Aquic Hapludolls).  The F3 seeds from each F2 individual were 
planted in single rows 0.76 m long at a rate of 26 seeds m-1.  Single pods were 
harvested from the plants within each row and threshed in bulk in October 2002 to 
obtain F4 seed for the study..  
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Classification of Plants for Palmitate Concentration 
 Twenty-four individual seeds of each of the two parents from each of the two 
locations were analyzed for palmitate concentration.  Palmitate concentration among 
the seeds of A24 range from 124 g kg-1 to 176 g kg-1 and the range for Archer was 
from 107 g kg-1 to 119 g kg-1.  To classify F2:4 lines as homozygous for the fap4(A24) 
allele, homozygous for the Fap4 allele, or heterozygous for the two alleles, 10 
individual seeds from each replicate of a line were analyzed for palmitate 
concentration.  The F2:4 lines were classified as homozygous for the fap4(A24) allele 
when the 20 seeds had a palmitate concentration of > 140 g kg-1, heterozygous 
when the concentration ranged from 90 g kg-1 to 195 g kg-1, and homozygous for the 
Fap4 allele when all seeds had a palmitate concentration of < 120 g kg-1.  The 
palmitate data were used to select 33 F2:4 lines for additional single seed analysis.  
The selections included 11 F2:4 lines homozygous for the fap4(A24) allele, 11 
heterozygous for the allele, and 11 homozygous for the Fap4 allele.  For each of the 
33 F2:4 lines, 20 individual seeds were cut into two portions with a razor blade.  The 
one-third of the seed without the embryonic axis was analyzed for palmitate 
concentration and the two-thirds portion with the embryonic axis was planted in sand 
in the USDA-ARS greenhouse at Iowa State University in Ames, IA in February 
2011.  For the 11 F2:4 lines classified as homozygous for the fap4(A24) allele, the 
single F4 plant with the highest palmitate concentration was transplanted into a pot in 
the greenhouse.  For the lines classified as homozygous for the Fap4 allele, the 
single F4 plant with the lowest palmitate concentration was transplanted.  For the 
heterozygous lines, the plants with the highest and lowest palmitate concentrations 
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were transplanted (Table 2).  Individual seeds of the two parents also were planted 
in sand and transplanted to pots in the greenhouse. 
Tissue Preparation 
 Two trifoliates were harvested from each of the 44 selected F4 plants and 
from each parent plant grown in pots in the greenhouse.  One trifoliate was 
harvested at the V2 stage and one trifoliate at the V3 stage (Fehr et al., 1971).  The 
harvested trifoliates were each put in a 50 mL tube, placed in liquid nitrogen, and 
stored on ice for transportation to the laboratory where they were freeze-dried for 
future molecular characterization.  One trifoliate from each of the 44 F4 plant 
samples and the two parents were submitted to the Monsanto Genotyping Lab in St 
Louis, MO, for DNA extraction and molecular characterization on the Monsanto 
soybean SNP chip using the Illumina Infinium (Illumina, San Diego, CA) whole 
genome genotyping assay (Staaf et al., 2008) in May 2011.  The Illumina Infinium 
whole genome genotyping arrays are based on allele-specific hybridization using 
primers directly surrounding the SNP on randomly ordered bead arrays.  Each allele-
specific single base extension is associated with a fluorescent dye for SNP allele 
detection.   
 Based on the genotyping results from the Monsanto soybean SNP chip, a 
single SNP was identified on chromosome 3, Linkage Group (LG) N, that perfectly 
differentiated between plants with elevated or normal palmitate concentrations.  
Because this is a Monsanto proprietary SNP, it was necessary to identify public SNP 
and simple sequence repeat (SSR) markers in the same region that could be used 
for MAS.  For this purpose, the second trifoliate was used for DNA extraction and 
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sequencing at Iowa State University.  The DNA extraction method was a modified 
hexadecyltri-methyl-ammonium bromide (CTAB) high-throughput DNA extraction 
protocol described by Dietrich et al. (2002).  Freeze-dried tissue from each F4 and 
parent plant was placed in 1.2 mL strip tubes with about 20 glass beads 1.7-2.2 mm 
in diameter.  The samples were pulverized for 5 min using a paint shaker (Red Devil 
Equipment, Brooklyn Park, MN, model no. 5400) and centrifuged at 1650 X g for 1 
min to ensure pulverized tissue settled to the bottom of the tubes.  DNA was isolated 
by adding 500 μL of CTAB extraction buffer (1% CTAB, 50 mM Tris pH 7.5, 50 mM 
EDTA, 0.7 M NaCl, 1 mM 1,10-phenanthroline, 100 mM 2-mercapto-ethanol) to each 
sample, inverting the tubes, and incubating them at 60°C for 10 min.  The samples 
were allowed to cool in the fume hood before adding 250 μL of chloroform/isoamyl 
(24:1).  The plates were inverted for 5 min and centrifuged at 1650 X g for 10 min.  A 
180 μL aliquot from the top layer of the solution was transferred to a 96-well plate, 
an aliquot of 180 μL of isopropanol was added to each well, and the plates were 
inverted until a thread-like precipitate became visible.  The plates were centrifuged 
at 1650 X g for 10 min to pellet the DNA.  Pellets were washed with 70% ethanol 
and resuspended in sterile water.   
Molecular Genotyping of F4 Plants 
 The Monsanto Illumina Infinium array contained two public SNP markers 
located on the same chromosome as the proprietary SNP associated with elevated 
palmitate.  However, these SNPs (BARC-057823-14942 and BARC-023365-05350; 
Hyten et al., 2010) were approximately 25 million bases apart relative to the soybean 
genome sequence (Schmutz et al., 2010; Gm03:14,987,260..40,115,557; 
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http://soybase.org/gb2/gbrowse/gmax1.01/).  There were 192 public SSR markers 
identified between these two markers that could be used to further define the region 
(Song et al., 2010).  The parents A24 and Archer were screened with the 192 SSR 
markers to identify polymorphic markers.  Polymerase chain reaction (PCR) assays 
were conducted using 96-well plates and a DNA Engine Peltier Tetrad 2 Thermal 
Cycler (BioRad, Hercules, CA).  Each PCR reaction contained 10 μL of total volume 
with 50 ng of genomic DNA, 1X PCR buffer (Denville Scientific, Metuchen, NJ), 0.2 
mM of each dNTP (Denville Scientific, Metuchen, NJ), 0.5 μM of each primer, and 1 
unit (U) of Choice-Taq™ DNA polymerase (Denville Scientific, Metuchen, NJ).  
Touchdown PCR was conducted using the following conditions: 94°C for 4 min, 
followed by 15 cycles of 95°C for 30 s, 63°C for 30 s with a decrease of 0.5°C each 
cycle, 72°C for 30 s, followed by 30 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C 
for 30 s, followed by 72°C for 7 min and holding at 4°C.  PCR products were 
evaluated by electrophoresis on 6% polyacrylamide gels and scored visually as 
described by Wang et al. (2003) using a 10 bp and 100 bp ladder (Invitrogen, Grand 
Island, NY).  A subset of the resulting polymorphic markers were screened against 
the 44 F4 plant samples using the same methods described above.   
 Based on the marker analysis, the region containing the fap4(A24) allele was 
narrowed to a region between BARCSOYSSR_03_1260 and 
BARCSOYSSR_03_1313.  The total bps for each SSR band were measured in 
comparison to the bands from a 10 bp and 100 bp ladder from each gel (Table 1).  
Basic local alignment search tool nucleotide (BLASTN) (Altschul et al., 1997) 
analyses (E < 1) using the primer sequences flanking the SSRs against the soybean 
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whole genome assembly (Schmutz et al., 2010) identified the corresponding 
genomic interval (Gm03:39,401,947..40,129,080).  Examination of the genomic 
interval revealed 82 predicted genes.  The coding sequences of the 82 predicted 
genes in the region were compared to the Uniprot Protein database (version 
December 2010, Apweiler et al., 2004) and all predicted Arabidopsis thaliana 
proteins (TAIR version 9, www.arabidopsis.org) using BLASTX (E<10-4, Altschul et 
al., 1997).  Gene ontology biological process terms were assigned to each soybean 
gene from the best A. thaliana match.  The BLAST reports and gene ontology 
information were examined visually to identify genes potentially involved in elevated 
palmitate.  Using this approach, a single candidate gene was identified, 
Glyma03g31570.  To identify potential transcription factor binding sites in the 
promoter, the region 1500 bp upstream from Glyma03g31570 was analyzed using 
Clover (Frith et al., 2004) and the TRANSFAC transcription factor database (Matys 
et al., 2006).  Transcription factors in the region between the 
BARCSOYSSR_03_1260 and BARCSOYSSR_03_1313 markers were identified 
using SoyDB (Wang et al., 2010).  
 To determine if nucleotide changes within the Glyma03g31570 could be 
detected between Archer(Fap4Fap4) and A24(fap4fap4) and to identify regions of 
this gene that could contain SNPs useful for MAS, primers were designed to 
sequence the entire gene and 2000 bp upstream and downstream.  Sequencing 
primers were designed using the ‘Williams 82’ reference sequence (Schmutz et al., 
2010) and the computer program Primer3 (Rozen and Skaletsky, 2000, 
http://frodo.wi.mit.edu/).  Each PCR reaction was done in 20 μL volumes with 50 ng 
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of DNA, 1X PCR buffer (Denville Scientific, Metuchen, NJ), 0.2 mM of each dNTP 
(Denville Scientific, Metuchen, NJ), 0.5 μM of each primer, and 1 U of Choice-Taq™ 
DNA polymerase (Denville Scientific, Metuchen, NJ).  PCR was performed using the 
following conditions: 94°C for 2 min, followed by 40 cycles of 94°C for 45s, 60°C for 
30 s, and 72°C for 45 s, followed by 72°C for 2 min and holding at 4°C.  A 10 μL 
volume was analyzed on a 1% agarose gel to confirm that a single product of the 
correct size had amplified and the remaining 10 μL volume was used for sequencing 
reactions.  To remove excess dNTPs and primers, the PCR product was treated with 
2 U of shrimp alkaline phosphate (USB Corporation, Cleveland, OH) and 2 U of 
exonuclease I (New England Biolabs, Ipswich, MA) with thermal cycler conditions of 
37°C for 60 min and 75°C for 15 min.    
 The PCR products were sequenced directly using the same forward and 
reverse PCR primers in a cycle sequence reaction using BigDye Terminator version 
3.1(Applied Biosystems, Carlsbad, CA).  Each sequencing reaction included 1 μL of 
PCR DNA, 0.25X of BigDye, 5 μM of each primer, and 0.875X of sequencing buffer 
for a total reaction volume of 10 μL.  The thermal cycling conditions were 94°C for 2 
min, followed by 40 cycles of 94°C for 45 s, 55°C for 30 s, and 72°C for 45 s, 
followed by 72°C for 2 min and holding at 4°C.  Samples were analyzed on an ABI 
3730XL DNA analyzer (Applied Biosystems, Carlsbad, CA) for sequence 
determination in the USDA-ARS laboratory at Iowa State University in Ames, IA.  
The sequences generated from each primer pair were aligned using Sequencher 
version 4.9 (Gene Codes Corporation, Ann Arbor, MI).     
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Results and Discussion 
 The Monsanto SNP chip identified 6,801 polymorphic SNP markers based on 
the comparison of the parents A24 and Archer.  There were 221 polymorphic public 
SNPs included on the Monsanto SNP chip.  A single proprietary Monsanto SNP was 
found that perfectly differentiated plants with elevated palmitate concentration from 
those with normal palmitate concentration.  The A24 parent and 22 F4 plants with the 
fap4(A24) allele for elevated palmitate had the A nucleotide for the SNP and the 
Archer parent and 22 F4 plants with Fap4 allele for normal palmitate had the T 
nucleotide for the SNP.  There were no F4 plants tested that indicated a crossover 
between the fap4(A24) allele and the Monsanto SNP. 
 The identified Monsanto SNP was located on chromosome 3.  The closest 
publicly available SNPs on the chip that flanked the region containing the Monsanto 
SNP were BARC-057823-14942 and BARC-023365-05350 (Hyten et al., 2010).  
When these markers were queried against the SoyBase genome browser 
(http://soybase.org/gb2/gbrowse/gmax1.01/), they identified a region on 
chromosome 3 spanning about 25 million bases.   
 To further define the location of the fap4(A24) allele, 192 SSR markers were 
identified between BARC-057823-14942 and BARC-023365-05350 (Song et al., 
2010).  A total of 54 of the 192 SSRs were identified as polymorphic between the 
two parents.  The 44 F4 plant samples and a sample of each of the parents were 
genotyped with 23 of the SSRs, making sure the 23 SSRs were representative of the 
region of interest.  Seven of the SSR markers perfectly differentiated between plants 
with elevated or normal palmitate concentrations (Table 1).  The remaining 16 SSRs 
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indicated a recombination event in at least one plant.  These data indicated that the 
fap4 locus resides within the genomic region encompassed by the seven SSRs and 
flanked by the first marker exhibiting a recombination event on either side (Figure 1).  
Using this criteria and relative to the whole genome assembly, the fap4 locus is 
predicted to be located within a 727,133 bp region between markers 
BARCSOYSSR_03_1260 and BARCSOYSSR_03_1313.  This region contains 82 
predicted genes in the Williams 82 genome sequence (Glyma03g31510 to 
Glyma03g32370, Schmutz et al., 2010).  BLAST (Altschul et al., 1997) analyses 
against the Uniprot (Apweiller et al., 2004) and A. thaliana databases identified a 
single gene potentially involved in elevated palmitate.  Glyma03g31570 shared 
homology to a triacylglycerol lipase (B9RIE5, E<10-115) from Ricinus communis.  In 
general, triacylglycerol lipases can hydrolyze acyl-triglycerides into mono- and di-
glycerides, glycerol, and free fatty acids including palmitate (Ohlrogge and Browse, 
1995). Changes in the activity of this enzyme could potentially alter palmitate 
concentrations.  It is also possible that transcriptions factors could play a role in the 
elevated palmitate phenotype. Transcriptions factors in the region were identified 
using SoyDB (Wang et al., 2010).  There were 16 genes identified as transcription 
factors belonging to nine transcription factor families (data not shown).   
   To determine if a nucleotide change within the coding region of 
Glyma03g31570 was correlated with elevated palmitate, primers were developed 
from the Williams 82 reference sequence (Schmutz et al., 2010) using the Primer3 
(Rozen and Skaletsky, 2000) program.  There were no SNPs detected between the 
elevated and normal palmitate plants for the Glyma03g31570 coding sequence.  
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However, a SNP was detected in the region preceding the gene.  Clover analysis 
focusing on known transcription factor binding sites was conducted to determine 
whether the SNP was located in a transcription factor-binding site (Frith et al., 2004).  
No transcription factor binding sites were identified in the region of the SNP.  
Although the discovered SNP was polymorphic and perfectly differentiated the 
elevated and normal palmitate plants, it would be presumptive to assume it is 
functionally related to the elevated palmitate phenotype.  Nevertheless, the SNP 
should be useful as a molecular marker for identifying plants with the fap4(A24) 
allele.   
 The location for the fap4(A24) locus on chromosome 3 (LG N) confirmed 
previous classical genetic studies that indicated the allele was inherited 
independently of fap alleles at other loci (De Vries et al., 2011b; Narvel et al., 2000; 
Schnebly et al., 1994; Stoltzfus et al., 2000a; Stoltzfus et al., 2000b).  The fap2 locus 
associated with the GmKAS IIA gene is located on chromosome 17 (LG D2) based 
on the gene sequence obtained from Aghoram et al. (2006) and the Williams 82 
reference genome (Schmutz et al., 2010).  The fap6 locus associated with the 
GmKAS IIB gene is located on chromosome 13 (LG F) based on the gene sequence 
obtained from De Vries et al. (2011b) and the Williams 82 reference genome 
(Schmutz et al., 2010).  The fap3 locus associated with reduced palmitate 
concentration and the GmFATB1a gene mapped to chromosome 5 (LG A1) 
(Cardinal et al., 2008; De Vries et al., 2011b).   
 In summary, the seven SSRs and the SNP identified in this study should be 
useful for MAS of the fap4(A24) allele.  It will be necessary to confirm the 
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effectiveness of the markers in a larger segregating population.  The inability to 
identify a clear candidate gene for the elevated palmitate trait is not surprising.  A 
large percentage of the open reading frames in the soybean genome have no 
predicted function.  It is possible that A24 has an additional copy of the lipase gene 
or an additional gene not present in Williams 82 that could be associated with the 
elevated palmitate phenotype.  Further research beyond the scope of this project will 
be necessary to determine the molecular mechanisms underlying the elevated 
palmitate trait in A24. 
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Table 1. Simple sequence repeat markers (Song et al., 2010) with forward and reverse primers that were predictive of 
the elevated palmitate trait associated with the fap4(A24) allele in soybean.  Product size was estimated using a 10 bp 
and 100 bp ladder. 
Marker Name Forward Primer Reverse Primer 
NP† 
Product 
Size 
EP‡  
Product 
Size 
   
-----------bp§-------- 
BARCSOYSSR_03_1264 CGAAGTGCCATCAGTTACCA GGAGGAGGGCAAAGTGTCTA 300 290 
BARCSOYSSR_03_1267 CGTTAGCCATGTAAATTGAAGC GGACATGTTTGAGTGTGAAAGG 280 375 
BARCSOYSSR_03_1289 CCAACCCCTTCTCCAAAAAT ATCGTAGATTGGGTTCCACG 170 176 
BARCSOYSSR_03_1290 TGAGATCAACATCATTTAAACCAA TTTTGCTGATTTGCATTGCT 260 250 
BARCSOYSSR_03_1292 TGGAATACACCCATCGATTTT ATAACGGTCGCCATTCTCAT 135 125 
BARCSOYSSR_03_1295 TTGAAGAAAGAGCGACGACA TTCGCGTTACTACAACGCAC 200 150 
BARCSOYSSR_03_1302 CAAAACATAAAAAAGGTGAGA AAGAACCACACTAATATTATT 200 190 
† NP, normal palmitate concentration. 
‡ EP, elevated palmitate concentration. 
§ bp, base pairs.
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Table 2. Fatty ester concentration for the parents and 44 F4 plants used for tissue 
harvest and molecular analysis. 
Entry Type Palmitate Stearate Oleate Linoleate Linolenate 
  
------------------------------g kg-1-------------------------------- 
Archer†   NP‡ 113 50 251 510 76 
A24   EP§ 176 41 173 512 100 
147007¶ EP 177 44 193 484 102 
147023 EP 192 49 168 481 110 
147034 EP 192 44 184 495 86 
147035 EP 179 48 191 483 99 
147038 EP 181 40 142 517 120 
147057 EP 186 37 155 506 116 
147067 EP 191 40 205 475 89 
147074 EP 191 51 160 471 127 
147081 EP 192 42 160 483 124 
147086 EP 182 46 159 488 126 
147101 EP 180 51 195 463 112 
147008 NP 109 41 215 533 103 
147012 NP 113 52 300 449 87 
147033 NP 106 50 285 485 74 
147040 NP 107 53 314 455 72 
147042 NP 104 45 232 524 94 
147059 NP 113 56 262 490 79 
147065 NP 100 59 270 479 92 
147072 NP 104 53 264 495 84 
147088 NP 101 56 289 478 77 
147090 NP 109 40 220 544 87 
147095 NP 110 44 227 497 122 
147005 EP 181 40 155 491 133 
147005 NP 106 41 244 504 106 
147014 EP 173 35 168 510 115 
147014 NP 110 50 263 500 78 
147016 NP 110 39 218 548 85 
147016 EP 179 45 175 510 92 
147025 NP 107 49 281 489 74 
147025 EP 172 43 182 510 93 
147026 NP 109 43 238 516 95 
147026 EP 197 39 197 568 0 
147044 EP 172 42 188 512 85 
147044 NP 107 55 280 486 73 
147046 EP 177 41 175 520 87 
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Table 2. Continued. 
Entry Type Palmitate Stearate Oleate Linoleate Linolenate 
147046 NP 113 52 255 487 92 
147047 EP 175 39 172 499 116 
147047 NP 107 53 308 450 82 
147079 EP 191 39 148 506 116 
147079 NP 119 45 245 503 87 
147082 NP 117 41 265 493 84 
147082 EP 180 45 157 508 110 
147098 NP 109 43 233 527 89 
147098 EP 176 49 178 490 108 
† Fatty ester concentration for Archer was the mean of the 20 seeds analyzed. 
‡ NP, normal palmitate concentration. 
§ EP, elevated palmitate concentration. 
¶ A02-, preceded the entry numbers. 
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Figure 1. The chromosome figure of the SSR markers on chromosome 3 (Linkage 
Group N) in the region associated with the fap4(A24) allele.  Genetic distances are 
reported on the known location of the SSR using the Williams 82 reference genome.  
The gray area on the chromosome indicates the perfect SSRs with no crossovers.  
The two bold irregular lines across the chromosome indicate the region where a 
crossover occurred. 
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Figure 2. Alignment of genomic sequences for the polymorphic SNP in the region upstream from Glyma03g31570 in 
Williams 82, Archer, and A24.  Numbering is in relation to the Williams 82 genome sequence (Schmutz et al., 2010).  
The arrow indicates the sequence polymorphism that differentiated between the F4 plants with elevated and normal 
palmitate concentrations.  Asterisks indicate identical bases among genotypes. 
 
 
W82     39445305 TTAATTATTTTTGCCCCCGTGGGGATGGTAGTAAGTGTTTACTTTTTTTAAAAAAAAAAG  
Archer  39445305 TTAATTATTTTTGCCCCCGTGGGGATGGTAGTAAGTGTTTACTTTTTTTAAAAAAAAAAG  
A24     39445305 TTAATTATTTTTGCCCCCGTGGGGATGGTAGTAAGTGTTTACTTTTTTTATAAAAAAAAG  
                 ************************************************** ********* 
 
W82      TATATATAAATTTAAAAGCAAAATCTGTTGGGATAAAATAA 39445405 
Archer   TATATATAAATTTAAAAGCAAAATCTGTTGGGATAAAATAA 39445405 
A24      TATATATAAATTTAAAAGCAAAATCTGTTGGGATAAAATAA 39445405 
         ***************************************** 
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CHAPTER 4 
GENERAL CONCLUSIONS 
Selection for the α′ subunit using the Monsanto SNP markers #11 and #15 led 
to a greater mean concentration of the α′ subunit in the EAP classes than the NAP 
classes.  The SNPs were not completely predictive of the EAP trait, although they 
can be useful for reducing the number of individuals that need to be analyzed for 
protein composition using SDS-PAGE.  Two polymorphisms in the BARC-025847-
05113 marker located in the same region as the Monsanto SNPs may be useful for 
MAS of the EAP trait. 
 Selection for the EAP trait would only influence the concentrations of the 
three subunits of BC, but not the amount of total BC or the total glycinin and its 
subunits.  It should be possible to develop soybean cultivars with the EAP trait that 
are similar in seed yield, maturity, and protein and oil concentrations to NAP 
cultivars from any of the four glycinin genotypes.  It also should be possible to select 
cultivars with the five recessive gy alleles that are comparable to the other three 
glycinin genotypes for the four agronomic and seed traits.  Cultivars with the five 
recessive alleles would have elevated total BC concentration and no glycinin, which 
may be beneficial for the food industry and consumers.  Combining the EAP trait 
with the gy1,2, gy3, gy4, gy5 glycinin genotype would result in elevated levels of 
both the α′ subunit and total BC. 
 The fap4 locus is predicted to be located on chromosome 3 (LG N) within a 
727,133 bp region between markers BARCSOYSSR_03_1260 and 
BARCSOYSSR_03_1313.  Seven SSR markers in the region were perfectly 
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associated with the elevated and normal palmitate samples.  Glyma03g31570 was 
identified because of shared homology to a triacylglycerol lipase and a SNP was 
detected in the region preceding the gene.  The seven SSRs and the one SNP may 
be useful for MAS of the fap4(A24) allele.  It will be necessary to confirm the 
effectiveness of the markers in a larger segregating population.  Further research 
beyond the scope of this project will be necessary to determine the molecular 
mechanisms underlying the elevated palmitate trait in A24. 
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APPENDIX A 
ANALYSES OF VARIANCE FOR CHAPTER 2 
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The linear additive model for the analysis of variance for 16 comparison of the α′ 
subunit concentration of the 25 F3 plants within the EAP and NAP classes with the 
same glycinin genotype was: 
Yijk = µ + Ri + Cj + RCij + G/Ck/j + eijk, 
where 
Yijk    =  the observed value of the k
th genotype within the jth class in the ith            
      replication, 
 µ       =  the overall mean, 
 
 Ri      =  the effect of the i
th replication, 
 
 Cj      =  the effect of the j
th class, 
 
 RC =  the effect of the interaction between ith replication and the ith class,
  
 G/Ck/j  =  the effect of the k
th genotype within the jth class, and 
 
 eijk     =  the error of the effect of the ijk
th observation.   
 
 Replications were considered random effects, and classes and genotypes 
within each class were considered fixed effects.  The mean concentration of α′ in the 
25 EAP plants was compared to that of the 25 NAP plants that had the same 
genotype for the glycinin alleles, which was a total of 16 comparisons across the four 
glycinin genotypes and four populations.  A separate analysis of variance was 
computed for each of 16 comparisons using the general linear model (GLM) 
procedure of SAS version 9.2 (SAS Institute, 2008), with the replication by class 
interaction used to evaluate the significance of differences between the EAP and 
NAP means with an F-test.  The coefficient of variation was calculated using the 
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square root of the mean squares (MS) for the replication by class interaction divided 
by the overall mean and multiplied by 100. 
F-test = MSClass/MSRepxClass   CV (%) = (√MSRepxClass/Mean)  100 
   
Table A1. Analysis of variance and expected mean squares for each of the 16 
comparisons of EAP and NAP classes with the same glycinin genotype for two 
replications of α′ subunit concentrations for the 25 F3 plants in each class grown at 
Huxley, IA, in 2010.  
Sources of Variation Degrees of Freedom df Expected Mean Squares 
Replication (R) r-1 1 σ2e + cgσ
2
R 
Class (C)  c-1 1 σ2e + gσ
2
RC + rgΦC 
R x C (r-1)(c-1) 1 σ2e + gσ
2
RC 
Genotype/Class (G/C) (g-1)c 48 σ2e + rΦG/C 
Error (r-1)(g-1)c 48 σ2e 
Total rcg-1 99   
 
 
 
 
Table A2. Analysis of variance and expected mean squares for the comparison of 
class 1 with EAP and class 5 with NAP with the same glycinin genotype for two 
replications of α′ subunit concentration for the 25 F3 plants in each class grown at 
Huxley, IA, in 2010.  
    Class 1 vs. 5 
Sources of Variation df Population 1 Population 2 Population 3 Population 4 
  
-----------------------------------g kg-1--------------------------------- 
Replication (R) 1 2073.4 ** 73.5 ns 100.6 ns 2107.4 ** 
Class (C) 1 6228.0 * 2160.7 ns 2509.3 * 594.3 ns 
R x C† 1 5.3 ns¶ 446.0 * 5.3 ns 79.5 ns 
Genotype/Class 48 222.1 ** 161.0 * 375.2 ** 206.1 * 
Error 48  66.7 
 
82.7 
 
179.0 
 
126.9 
 Mean‡ 
 
157.5 
 
152.4 
 
158.4 
 
160.7 
 CV (%)§   1.5 
 
13.9 
 
1.5 
 
5.5 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Error mean squares used to calculate the coefficient of variation. 
‡ Overall mean used to calculate the coefficient of variation. 
§ Coefficient of variation 
¶ ns, not significant at the 0.05 probability level. 
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Table A3. Analysis of variance and expected mean squares for the comparison of 
class 2 with EAP and class 6 with NAP with the same glycinin genotype for two 
replications of α′ subunit concentrations for the 25 F3 plants in each class grown at 
Huxley, IA, in 2010.  
 
  Class 2 vs. 6 
Sources of Variation df Population 1 Population 2 Population 3 Population 4 
  
-----------------------------------g kg-1--------------------------------- 
Replication (R) 1 2355.1 ** 0.0 ns 0.2 ns 718.4 * 
Class (C) 1 6006.6 * 4071.5 * 9124.8 * 8062.1 ns 
R x C† 1 6.7 ns¶ 10.5 ns 23.5 ns 254.6 ns 
Genotype/Class 48 226.5 ** 310.0 ** 289.5 ** 380.6 ** 
Error 48 71.5 
 
141.7 
 
102.9 
 
103.5 
 Mean‡ 
 
178.0 
 
171.1 
 
182.2 
 
181.9 
 CV (%)§   1.5 
 
1.9 
 
2.7 
 
8.8 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Error mean squares used to calculate the coefficient of variation. 
‡ Overall mean used to calculate the coefficient of variation. 
§ Coefficient of variation 
¶ ns, not significant at the 0.05 probability level. 
 
 
 
Table A4. Analysis of variance and expected mean squares for the comparison of 
class 3 with EAP and class 7 with NAP with the same glycinin genotype for two 
replications of α′ subunit concentrations for the 25 F3 plants in each class grown at 
Huxley, IA, in 2010.  
    Class 3 vs. 7 
Sources of Variation df Population 1 Population 2 Population 3 Population 4 
  
-----------------------------------g kg-1--------------------------------- 
Replication (R) 1 1702.1 * 2.9 ns 3.2 ns 1347.1 ** 
Class (C) 1 2771.7 * 1783.5 ns 4290.3 * 4230.6 Ns 
R x C† 1 3.2 ns¶ 26.2 ns 4.4 ns 99.3 Ns 
Genotype/Class 48 339.4 ns 171.0 ** 286.6 ** 207.2 ** 
Error 48 242.8 
 
54.59 
 
96.89 
 
85.39 
 Mean‡ 
 
164.8 
 
157.4 
 
168.8 
 
167.5 
 CV (%)§   1.1 
 
3.2 
 
1.2 
 
5.9   
* Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Error mean squares used to calculate the coefficient of variation. 
‡ Overall mean used to calculate the coefficient of variation. 
§ Coefficient of variation 
¶ ns, not significant at the 0.05 probability level. 
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Table A5. Analysis of variance and expected mean squares for the comparison of 
class 4 with EAP and class 8 with NAP with the same glycinin genotype for two 
replications of α′ subunit concentrations for the 25 F3 plants in each class grown at 
Huxley, IA, in 2010.  
    Class 4 vs. 8 
Sources of Variation df Population 1 Population 2 Population 3 Population 4 
  
-----------------------------------g kg-1--------------------------------- 
Replication (R) 1 2321.1 ** 114.2 ns 178.0 ns 41.9 ns 
Class (C) 1 7494.6 * 6671.8 ns 2784.7 ns 9703.2 * 
R x C† 1 5.4 ns¶ 519.1 * 19.7 ns 4.6 ns 
Genotype/Class 48 244.4 ** 311.3 ** 441.3 ** 308.7 ** 
Error 48 121.5 
 
127.2 
 
111.2 
 
127.5 
 Mean‡ 
 
182.5 
 
179.8 
 
192.6 
 
191.0 
 CV (%)§   1.3 
 
12.7 
 
2.3 
 
1.1   
* Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Error mean squares used to calculate the coefficient of variation. 
‡ Overall mean used to calculate the coefficient of variation. 
§ Coefficient of variation 
¶ ns, not significant at the 0.05 probability level. 
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The linear additive model for the analysis of variance of protein components 
measured by SDS-PAGE for the 18 individual F3 plants for each of eight genotypic 
classes from each soybean population harvested from Huxley, IA in 2010 from which 
lines were derived for the yield tests in 2011 was: 
Yijk = µ + Ri + Cj + RCij + G/Ck/j + eijk, 
where 
Yijk    =  the observed value of the k
th genotype within the jth class in the ith            
      replication, 
 µ       =  the overall mean, 
 
 Ri      =  the effect of the i
th replication, 
 
 Cj      =  the effect of the j
th class, 
 
 RC =  the effect of the interaction between ith replication and the ith class,
  
 G/Ck/j  =  the effect of the k
th genotype within the jth class, and 
 
 eijk     =  the error of the effect of the ijk
th observation.   
 
 Replications were considered random effects, and classes and genotypes 
within each class were considered fixed effects.  There were eight classes with 18 F3 
plants (genotypes) in each class for each of the four populations.  Significance for all 
main effects was determined by an F-test.  The effect of class was tested with the 
replication by class interaction.  The significance of differences for protein 
composition among means of classes were determined using Tukey’s honestly 
significant difference test at the 0.05 probability level with the replication by class 
interaction used as the error term (Tukey, 1949).  The coefficient of variation was 
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calculated using the square root of the mean square for the replication by class 
interaction divided by the overall mean and multiplied by 100. 
 
Table A6. Analysis of variance and expected mean squares for two replications of 
protein component concentrations for the 18 genotypes in each of eight classes 
grown at Huxley, IA, in 2010.  
Sources of Variation Degrees of Freedom df Expected Mean Squares 
Replication (R) r-1 1 σ2e + cgσ
2
R 
Class (C)  c-1 7 σ2e + gσ
2
RC + rgΦC 
R x C (r-1)(c-1) 7 σ2e + gσ
2
RC 
Genotype/Class (G/C) (g-1)c 136 σ2e + rΦG/C 
     Genotype/Class 1 (C1) C1-1 17 σ2e + rΦG/C1 
     Genotype/Class 2 (C2) C2-1 17 σ2e + rΦG/C2 
     Genotype/Class 3 (C3) C3-1 17 σ2e + rΦG/C3 
     Genotype/Class 4 (C4) C4-1 17 σ2e + rΦG/C4 
     Genotype/Class 5 (C5) C5-1 17 σ2e + rΦG/C5 
     Genotype/Class 6 (C6) C6-1 17 σ2e + rΦG/C6 
     Genotype/Class 7 (C7) C7-1 17 σ2e + rΦG/C7 
     Genotype/Class 8 (C8) C8-1 17 σ2e + rΦG/C8 
Error (r-1)(g-1)c 136 σ2e 
Total rcg-1 287   
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Table A7. Analysis of variance for two replications of protein component concentrations for the 18 genotypes in each 
of eight classes for population 1, MV0119 Χ MV0121, grown at Huxley, IA, in 2010. 
  
Mean Squares 
Sources of Variation df BC† α′ α β Glycinin‡ A3 A124 Basic 
  
-------------------------------------------------------------------g kg
-1
----------------------------------------------------------------- 
Replication (R) 1 38333 ** 6386 ** 6901 ** 1076 ** 836 ** 1 ns 2 ns 816 ** 
Class (C) 7 39751 ** 11139 ** 62807 ** 21922 ** 100568 ** 42738 ** 4054 ** 10002 ** 
R x C§ 7 424 ns†† 49 ns 126 ns 309 * 196 * 165 * 78 ns 101 ** 
Genotype/Class 136 1451 ** 136 ns 309 ** 921 ** 218 ** 88 * 51 ns 48 ** 
     Genotype/Class 1 (C1) 17 1567 ** 149 * 141 ** 855 ** 731 * 441 ns 307 ns 179 * 
     Genotype/Class 2 (C2) 17 2060 ** 149 * 188 * 1031 ** 74 ** 0 ns 47 ** 8 ns 
     Genotype/Class 3 (C3) 17 2513 ** 363 ns 122 ns 1660 ** 232 ns 100 * 0 ns 39 ns 
     Genotype/Class 4 (C4) 17 1647 ns 120 ns 119 ns 992 ** 2 ns 0 ns 0 ns 2 ns 
     Genotype/Class 5 (C5) 17 802 ns 63 ns 305 ns 325 ** 338 * 56 ns 20 * 80 ns 
     Genotype/Class 6 (C6) 17 1206 ns 127 ns 864 ** 764 ** 90 ns 0 ns 33 ns 22 ns 
     Genotype/Class 7 (C7) 17 877 * 76 ns 385 * 805 ** 275 * 105 ns 0 ns 55 ns 
     Genotype/Class 8 (C8) 17 937 ns 45 ns 346 * 936 ** 0 ns 0 ns 0 ns 0 ns 
Error 136 593 
 
139 
 
116 
 
126 
 
83 
 
63 
 
79 
 
23 
 Mean¶ 
 
501 
 
171 
 
169 
 
160 
 
62 
 
32 
 
10 
 
20 
 CV (%)# 
 
4 
 
4 
 
7 
 
11 
 
22 
 
40 
 
92 
 
49 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† BC, total β-conglycinin. 
‡ Glycinin, total glycinin. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A8. Analysis of variance for two replications of protein component concentrations for the 18 genotypes in each 
of eight classes for population 2, MV0120 Χ MV0121, grown at Huxley, IA, in 2010. 
  
Mean Squares 
Sources of Variation df BC† α′ α β Glycinin‡ A3 A124 Basic 
  
----------------------------------------------------------------g kg
-1
--------------------------------------------------------------
 
Replication (R) 1 885 ns†† 39 ns 140 ns 1246 ** 177 ns 169 ** 38 * 42 ns 
Class (C) 7 36761 ** 12234 ** 45613 ** 8327 ** 104801 ** 44743 ** 3345 ** 12581 ** 
R x C§ 7 756 ns 158 ns 148 ns 69 ns 307 ** 64 ** 13 * 66 * 
Genotype/Class 136 1497 ** 91 ns 304 ns 771 ** 139 ** 25 ** 14 ** 35 * 
     Genotype/Class 1 (C1) 17 1096 * 96 ns 116 * 850 ** 421 ns 31 ns 35 * 145 ns 
     Genotype/Class 2 (C2) 17 1236 ns 120 ns 204 ns 738 ** 69 ns 0 ns 27 ** 18 ns 
     Genotype/Class 3 (C3) 17 1649 * 76 ns 158 ns 1048 ** 99 ns 45 ns 0 ns 18 ns 
     Genotype/Class 4 (C4) 17 1324 ns 195 ns 291 ns 797 * 0 ns 0 ns 0 ns 0 ns 
     Genotype/Class 5 (C5) 17 1404 * 45 ns 496 ns 629 ** 302 ns 50 * 31 * 56 ns 
     Genotype/Class 6 (C6) 17 1104 ns 54 ns 182 ns 451 * 70 ns 0 ns 22 ns 24 ns 
     Genotype/Class 7 (C7) 17 2208 ** 79 * 658 ns 831 ** 153 ** 75 * 0 ns 18 * 
     Genotype/Class 8 (C8) 17 1954 * 65 ns 324 ns 827 ** 0 ns 0 ns 0 ns 0 ns 
Error 136 741 
 
105 
 
240 
 
149 
 
69 
 
15 
 
6 
 
25 
 Mean¶ 
 
464 
 
165 
 
159 
 
140 
 
65 
 
33 
 
9 
 
23 
 CV (%)# 
 
6 
 
8 
 
8 
 
6 
 
27 
 
24 
 
41 
 
35 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† BC, total β-conglycinin. 
‡ Glycinin, total glycinin. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A9. Analysis of variance for two replications of protein component concentrations for the 18 genotypes in each 
of eight classes for population 3, MV0119 Χ MV0122, grown at Huxley, IA, in 2010. 
  
Mean Squares 
Sources of Variation df BC† α′ α β Glycinin‡ A3 A124 Basic 
  
----------------------------------------------------------------g kg
-1
--------------------------------------------------------------
 
Replication (R) 1 2026 * 79 ns 48 ns 851 ** 31 ns 95 ns 0 ns 232 ns 
Class (C) 7 26739 ** 15328 ** 62117 ** 13479 ** 108452 ** 45708 ** 3461 ** 11889 ** 
R x C§ 7 295 ns†† 106 ns 150 ns 50 ns 62 ns 42 ns 8 ns 40 ns 
Genotype/Class 136 1119 ** 112 ns 476 ** 708 ** 302 ** 56 ** 32 ** 81 ns 
     Genotype/Class 1 (C1) 17 908 * 96 ns 229 * 484 ** 640 ** 81 * 67 ns 118 * 
     Genotype/Class 2 (C2) 17 668 ns 130 ns 58 ns 723 ** 314 ns 0 ns 88 ns 85 ns 
     Genotype/Class 3 (C3) 17 660 ns 66 ns 499 ** 708 ** 411 * 154 * 0 ns 75 * 
     Genotype/Class 4 (C4) 17 1582 ** 277 * 398 ** 601 ** 9 ns 0 ns 0 ns 9 ns 
     Genotype/Class 5 (C5) 17 952 ns 81 ns 660 ns 643 ** 479 ns 55 ns 52 ** 228 ns 
     Genotype/Class 6 (C6) 17 1303 ** 56 ns 632 * 633 ** 240 ns 0 ns 53 ns 75 ns 
     Genotype/Class 7 (C7) 17 1382 * 68 ns 420 ns 866 ** 300 ns 160 ns 0 ns 36 ns 
     Genotype/Class 8 (C8) 17 1499 ** 120 ns 915 * 1008 ** 23 ns 0 ns 0 ns 23 ns 
Error 136 454 
 
90 
 
203 
 
111 
 
175 
 
26 
 
20 
 
63 
 Mean¶ 
 
464 
 
176 
 
173 
 
115 
 
66 
 
33 
 
9 
 
24 
 CV (%)# 
 
4 
 
6 
 
7 
 
6 
 
12 
 
20 
 
31 
 
26 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† BC, total β-conglycinin. 
‡ Glycinin, total glycinin. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A10. Analysis of variance for two replications of protein component concentrations for the 18 genotypes in each 
of eight classes for population 4, MV0120 Χ MV0122, grown at Huxley, IA, in 2010. 
  
Mean Squares 
Sources of Variation df BC† α′ α β Glycinin‡ A3 A124 Basic 
  
----------------------------------------------------------------g kg
-1
--------------------------------------------------------------
 
Replication (R) 1 9056 ** 4126 ** 4420 ** 1264 ** 1640 ** 413 ** 97 ** 2598 ** 
Class (C) 7 47837 ** 14298 ** 58373 ** 7685 ** 129698 ** 56369 ** 3823 ** 15746 ** 
R x C§ 7 1542 ** 261 * 561 ** 137 ns 195 ns 86 * 28 * 246 ** 
Genotype/Class 136 943 ** 92 ns 346 ** 590 ** 304 ** 67 ** 42 ** 50 ** 
     Genotype/Class 1 (C1) 17 650 ns†† 51 ns 148 * 572 ** 1279 ns 290 ns 106 ** 186 ns 
     Genotype/Class 2 (C2) 17 1226 * 142 ns 276 ** 765 ** 411 ** 0 ns 165 ** 65 ** 
     Genotype/Class 3 (C3) 17 661 ns 54 ns 108 ns 479 ** 156 * 81 ** 0 ns 22 ns 
     Genotype/Class 4 (C4) 17 1032 * 149 ns 292 ** 845 ** 0 ns 0 ns 0 ns 0 ns 
     Genotype/Class 5 (C5) 17 595 * 38 ns 614 ns 507 ** 269 ns 55 ns 32 ns 72 ns 
     Genotype/Class 6 (C6) 17 1433 ** 90 ns 565 ** 520 ** 72 * 0 ns 31 ** 11 ns 
     Genotype/Class 7 (C7) 17 759 ns 39 ns 459 ns 322 * 245 ** 108 ** 0 ns 45 ns 
     Genotype/Class 8 (C8) 17 1186 ns 173 * 309 ns 713 ** 0 ns 0 ns 0 ns 0 ns 
Error 136 406 
 
105 
 
152 
 
105 
 
124 
 
34 
 
11 
 
33 
 Mean¶ 
 
470 
 
176 
 
173 
 
121 
 
73 
 
37 
 
9 
 
27 
 CV (%)# 
 
8 
 
9 
 
14 
 
10 
 
19 
 
25 
 
57 
 
58 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† BC, total β-conglycinin. 
‡ Glycinin, total glycinin. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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The linear additive model for the analysis of variance for agronomic and seed traits 
across locations for the 18 F3-derived lines for each of eight genotypic classes from 
for the four populations was: 
Yijkl = µ + Li + R/Lj/i + Ck + G/Cl/k + LCik + LG/Cil/k + eijkl, 
where 
Yijkl    =  the observed value of the l
th genotype in the  kth class in the jth 
replication at the ith location, 
 µ       =  the overall mean, 
 
 Li =  the effect of the i
th location, 
 
 R/Lj/i  =  the effect of the j
th replication nested within the ith location, 
 
 Ck      =  the effect of the k
th class, 
 
 G/Cl/k  =  the effect of the l
th genotype within the kth class, 
 
 LCik =  the effect of the interaction between the i
th location and the kth class, 
 
 LG/Cil/k=  the effect of the interaction between the i
th location and the lth  
 
     genotype within the kth class, and 
 
 eijkl     =  the overall error. 
 
 Locations and replications were considered random effects.  Classes and 
genotypes within each class were considered fixed effects.  The location by main 
effect interactions were used to test the significance of the main effects for all traits.  
Differences among means of classes were determined using Tukey’s honestly 
significant difference test at the 0.05 probability level with the replication by class 
interaction used as the error term (Tukey, 1949).  The coefficient of variation was 
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calculated using the square root of the mean squares for the location by class 
interaction divided by the overall mean and multiplied by 100. 
Table A11. Analysis of variance and expected mean squares for each of four 
populations across three locations in 2011. 
Sources of Variation Degrees of Freedom df Expected Mean Squares 
Location (L) l-1 2 σ2e + cgσ
2
R/L + rcgσ
2
L 
Replication/Location (R/L) l(r-1) 3 σ2e + cgσ
2
R/L 
Class (C)  c-1 7 σ2e + rgσ
2
LC + lrgΦC 
Genotype/Class (G/C) (g-1)c 136 σ2e + rσ
2
L(G/C) + lrΦG/C 
     Genotype/Class 1 (C1) C1-1 17 σ2e + rσ
2
L(G/C1) + lrΦG/C1 
     Genotype/Class 2 (C2) C2-1 17 σ2e + rσ
2
L(G/C2) + lrΦG/C2 
     Genotype/Class 3 (C3) C3-1 17 σ2e + rσ
2
L(G/C3) + lrΦG/C3 
     Genotype/Class 4 (C4) C4-1 17 σ2e + rσ
2
L(G/C4) + lrΦG/C4 
     Genotype/Class 5 (C5) C5-1 17 σ2e + rσ
2
L(G/C5) + lrΦG/C5 
     Genotype/Class 6 (C6) C6-1 17 σ2e + rσ
2
L(G/C6) + lrΦG/C6 
     Genotype/Class 7 (C7) C7-1 17 σ2e + rσ
2
L(G/C7) + lrΦG/C7 
     Genotype/Class 8 (C8) C8-1 17 σ2e + rσ
2
L(G/C8) + lrΦG/C8 
L x C (l-1)(c-1) 14 σ2e + rgσ
2
LC 
L x G/C (l-1)(g-1)c 272 σ2e + rσ
2
L(G/C) 
      L x C1 (l-1)(C1-1) 34 σ2e + rσ
2
L(G/C1) 
      L x C2 (l-1)(C2-1) 34 σ2e + rσ
2
L(G/C2) 
      L x C3 (l-1)(C3-1) 34 σ2e + rσ
2
L(G/C3) 
      L x C4 (l-1)(C4-1) 34 σ2e + rσ
2
L(G/C4) 
      L x C5 (l-1)(C5-1) 34 σ2e + rσ
2
L(G/C5) 
      L x C6 (l-1)(C6-1) 34 σ2e + rσ
2
L(G/C6) 
      L x C7 (l-1)(C7-1) 34 σ2e + rσ
2
L(G/C7) 
      L x C8 (l-1)(C8-1) 34 σ2e + rσ
2
L(G/C8) 
Error l(r-1)(c-1)+l(r-1)(g-1)c 429 σ2e 
Total lrcg-1 863   
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Table A12. Analysis of variance for population 1, MV0119 Χ MV0121, across three 
locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 7107534.1 * 10851.8 ** 175878.5 ** 204106.2 ** 
Replication/L 3 457254.9 ** 135.9 ** 1191.9 ** 1470.6 ** 
Class (C) 7 586245.4 ns†† 36.4 ** 3495.2 ** 1896.1 ** 
Genotype/Class (G/C) 136 261127.4 ** 34.2 ** 389.2 ** 26716.8 ** 
     Genotype/Class 1 (C1) 17 274149.3 * 53.0 ** 385.8 ** 217.2 ** 
     Genotype/Class 2 (C2) 17 138228.7 ns 22.0 ** 379.6 ** 126.5 ** 
     Genotype/Class 3 (C3) 17 277250.6 ** 27.5 ** 536.2 ** 235.1 ** 
     Genotype/Class 4 (C4) 17 131420.4 ns 34.3 ** 343.1 ** 175.7 ** 
     Genotype/Class 5 (C5) 17 375399.1 * 25.8 ** 249.5 ** 140.8 ** 
     Genotype/Class 6 (C6) 17 551922.2 ** 23.9 ** 492.7 ** 257.5 ** 
     Genotype/Class 7 (C7) 17 186039.3 ns 44.7 ** 474.1 ** 260.5 ** 
     Genotype/Class 8 (C8) 17 154610.0 ns 42.5 ** 253.4 ** 158.6 ** 
L x C§ 14 303163.4 ** 4.2 ns 120.4 * 778.7 ** 
L x G/C 272 102062.3 ** 5.8 ** 72.0 ns 7393.9 ** 
      L x C1 34 99297.7 ns 5.4 ns 77.9 ns 33.2 * 
      L x C2 34 90949.0 ns 5.5 * 67.9 ns 24.0 ** 
      L x C3 34 68550.7 ns 7.4 ** 87.5 ns 29.6 ns 
      L x C4 34 84431.5 ns 5.6 * 51.3 ns 18.5 ns 
      L x C5 34 151036.0 ** 4.0 ns 69.2 ns 27.3 * 
      L x C6 34 109252.6 ns 5.1 * 50.0 ns 20.6 * 
      L x C7 34 115666.8 ns 5.8 * 91.1 * 30.1 * 
      L x C8 34 97314.3 ns 7.8 ** 82.0 ns 34.3 * 
Error 429 69876.7 
 
2.8 
 
64.2 
 
16.5 
 
Mean¶ 
 
2841 
 
27 
 
393 
 
208 
 
CV (%)# 
 
19 
 
8 
 
3 
 
4 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A13. Analysis of variance for population 2, MV0120 Χ MV121, across three 
locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 6310290.9 ns†† 10573.8 ** 193456.4 ** 204615.6 ** 
Replication/L 3 1109960.1 ** 45.3 ** 1932.8 ** 2317.7 ** 
Class (C) 7 601131.5 * 56.7 ** 1678.1 ** 3592.2 ** 
Genotype/Class (G/C) 136 209686.0 ** 30.9 ** 370.9 ** 23392.0 ** 
     Genotype/Class 1 (C1) 17 281355.6 ns 24.9 ** 488.2 ** 161.0 ** 
     Genotype/Class 2 (C2) 17 125547.3 ns 42.8 ** 228.6 ** 188.5 ** 
     Genotype/Class 3 (C3) 17 227017.8 * 21.5 ** 281.6 ** 130.8 ** 
     Genotype/Class 4 (C4) 17 71265.5 ns 24.2 ** 336.5 ** 174.5 ** 
     Genotype/Class 5 (C5) 17 139651.0 ns 32.4 ** 565.1 ** 184.3 ** 
     Genotype/Class 6 (C6) 17 341011.7 * 25.0 ** 352.4 ** 193.4 ** 
     Genotype/Class 7 (C7) 17 230243.8 * 20.2 ** 362.0 ** 182.9 ** 
     Genotype/Class 8 (C8) 17 275867.0 ns 56.3 ** 354.4 ** 160.4 ** 
L x C§ 14 178439.2 ** 6.3 ** 71.9 ** 714.9 ** 
L x G/C 272 126361.3 ** 6.3 ** 58.6 ** 7456.4 ** 
      L x C1 34 180538.1 ** 4.5 * 46.3 ns 26.4 ** 
      L x C2 34 126064.9 ns 8.4 ** 64.6 * 30.1 ** 
      L x C3 34 98262.1 * 6.0 * 53.0 * 19.4 * 
      L x C4 34 95925.6 * 3.7 ns 58.8 ** 19.0 ** 
      L x C5 34 97678.5 * 6.9 ** 46.7 ns 24.0 * 
      L x C6 34 155230.6 ** 6.2 ** 69.5 ** 26.6 ** 
      L x C7 34 92985.8 ** 6.6 ** 81.2 ** 50.3 ** 
      L x C8 34 164497.6 ** 8.3 ** 49.9 ns 23.6 ** 
Error 429 58915.1 
 
2.2 
 
32.1 
 
10.8 
 
Mean¶ 
 
2807 
 
28 
 
398 
 
199 
 
CV (%)# 
 
15 
 
9 
 
2 
 
4 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A14. Analysis of variance for population 3, MV0119 Χ MV0122, across three 
locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 3475537.5 ns†† 13099.0 ** 224881.8 ** 224990.3 ** 
Replication/L 3 951456.6 ** 25.4 ** 4741.6 ** 5625.6 ** 
Class (C) 7 624809.6 * 28.0 ** 1840.1 ** 2636.4 * 
Genotype/Class (G/C) 136 256649.7 ** 34.2 ** 320.0 ** 22563.6 ** 
     Genotype/Class 1 (C1) 17 318745.9 ** 28.7 ** 380.7 ** 180.9 ** 
     Genotype/Class 2 (C2) 17 113917.6 ns 30.4 ** 306.3 ** 178.0 ** 
     Genotype/Class 3 (C3) 17 126700.5 ns 25.1 ** 345.3 ** 171.5 ** 
     Genotype/Class 4 (C4) 17 252767.8 * 34.5 ** 286.4 ** 212.8 ** 
     Genotype/Class 5 (C5) 17 203991.7 * 29.3 ** 359.3 ** 163.1 ** 
     Genotype/Class 6 (C6) 17 319074.8 ** 50.1 ** 296.8 ** 198.8 ** 
     Genotype/Class 7 (C7) 17 370965.6 ** 46.8 ** 227.9 ** 142.8 ** 
     Genotype/Class 8 (C8) 17 351610.2 ** 28.9 ** 357.2 ** 79.4 ** 
L x C 14 200585.3 ** 4.2 * 106.5 ** 1383.1 ** 
L x G/C 272 97733.7 * 6.5 ** 43.5 ns 5233.3 ** 
      L x C1 34 104649.7 * 5.0 ** 26.5 ns 12.7 ns 
      L x C2 34 133263.7 * 7.0 ** 41.6 ns 18.6 ** 
      L x C3 34 87276.9 ns 5.6 ** 34.6 ns 15.9 ns 
      L x C4 34 100111.1 * 6.5 ** 37.8 ns 18.4 * 
      L x C5 34 94400.2 ns 4.4 * 47.1 ns 15.6 ns 
      L x C6 34 71281.6 ns 9.2 ** 44.7 ns 22.6 ns 
      L x C7 34 63866.3 ns 6.3 ** 55.3 * 27.5 ** 
      L x C8 34 126495.1 ns 8.0 ** 60.4 ns 22.5 ** 
Error 429 74260.8 
 
2.1 
 
40.8 
 
12.6 
 
Mean¶ 
 
3240 
 
28 
 
398 
 
205 
 
CV (%)# 
 
14 
 
7 
 
3 
 
5 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A15. Analysis of variance for population 4, MV0120 Χ MV0122, across three 
locations in 2011. 
  
Mean Squares 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha
-1 
days† ----------------g kg
-1
‡---------------- 
Location (L) 2 2665445.0 * 15937.6 ** 216878.9 ** 179351.9 ** 
Replication/L 3 60490.5 ns†† 19.6 ** 702.5 ** 853.4 ** 
Class (C) 7 1303629.0 ns 182.8 ** 356.9 ns 3849.5 ** 
Genotype/Class (G/C) 136 299305.6 ** 39.9 ** 306.9 ** 20388.8 ** 
     Genotype/Class 1 (C1) 17 225819.6 ns 29.4 ** 257.6 ** 195.2 ** 
     Genotype/Class 2 (C2) 17 157141.5 * 46.3 ** 328.3 ** 180.3 ** 
     Genotype/Class 3 (C3) 17 380246.7 ** 46.0 ** 380.3 ** 205.2 ** 
     Genotype/Class 4 (C4) 17 164978.1 ns 42.4 ** 210.8 ** 168.0 ** 
     Genotype/Class 5 (C5) 17 279976.7 * 53.4 ** 375.3 ** 130.9 ** 
     Genotype/Class 6 (C6) 17 659701.3 ns 20.7 ** 309.9 ** 110.7 ** 
     Genotype/Class 7 (C7) 17 262817.9 ** 38.9 ** 377.2 ** 133.6 ** 
     Genotype/Class 8 (C8) 17 263762.4 ns 42.3 ** 215.7 ** 75.5 * 
L x C§ 14 497173.7 ** 21.2 ** 135.8 ** 1027.1 ** 
L x G/C 272 149825.3 ** 6.1 ** 56.3 ** 8403.7 ** 
      L x C1 34 44474.3 ns 6.1 ** 56.1 ns 32.9 ** 
      L x C2 34 75027.0 ns 8.5 ** 47.7 * 20.3 ** 
      L x C3 34 83390.7 ns 6.8 ** 64.4 ** 35.2 ** 
      L x C4 34 176373.2 ** 5.9 ** 49.8 ** 27.6 ** 
      L x C5 34 138482.4 ns 4.8 * 61.2 * 33.0 ** 
      L x C6 34 394428.7 ** 3.8 ** 44.9 ns 26.2 ** 
      L x C7 34 69660.3 ns 7.5 ** 61.8 ** 33.7 ** 
      L x C8 34 216765.8 ** 5.7 ** 64.3 ** 38.3 ** 
Error 429 63488.7 
 
2.1 
 
36.3 
 
10.9 
 
Mean¶ 
 
3044 
 
28 
 
400 
 
199 
 
CV (%)# 
 
23 
 
17 
 
3 
 
4   
* Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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The linear additive model for the analysis of variance for agronomic and seed traits 
for the 18 F3-derived lines for each of eight genotypic classes from for the four 
populations at an individual location was: 
Yijk = µ +  Ri + Cj + RCij + G/Ck/j + eijk, 
where, 
Yijk    =  the observed value of the k
th genotype within the jth class in the ith            
      replication, 
 µ       =  the overall mean, 
 
 Ri      =  the effect of the i
th replication, 
 
 Cj      =  the effect of the j
th class, 
 
RCij =  the effect of the interaction between i
th replication and the ith class, 
  
 G/Ck/j  =  the effect of the k
th genotype within the jth class, and  
 
 eijk     =  the error of the effect of the ijk
th observation.   
  
 Replications were considered random effects, and classes and genotypes 
within each class were considered fixed effects.  Significance for all main effects was 
determined by an F-test.  The effect of class was tested with the replication by class 
interaction.  Differences among means of classes were determined using Tukey’s 
honestly significant difference test at the 0.05 probability level with the replication by 
class interaction used as the error term (Tukey, 1949).  The coefficient of variation 
was calculated using the square root of the mean squares for the replication by class 
interaction divided by the overall mean and multiplied by 100. 
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Table A16. Analysis of variance and expected mean squares for each of four 
populations at an individual location in 2011. 
Sources of Variation Degrees of Freedom df Expected Mean Squares 
Replication (R) r-1 1 σ2e + cgσ
2
R 
Class (C)  c-1 7 σ2e + gσ
2
RC + rgΦC 
R x C (r-1)(c-1) 7 σ2e + gσ
2
RC 
Genotype/Class (G/C) (g-1)c 136 σ2e + rΦG/C 
     Genotype/Class 1 (C1) C1-1 17 σ2e + rΦG/C1 
     Genotype/Class 2 (C2) C2-1 17 σ2e + rΦG/C2 
     Genotype/Class 3 (C3) C3-1 17 σ2e + rΦG/C3 
     Genotype/Class 4 (C4) C4-1 17 σ2e + rΦG/C4 
     Genotype/Class 5 (C5) C5-1 17 σ2e + rΦG/C5 
     Genotype/Class 6 (C6) C6-1 17 σ2e + rΦG/C6 
     Genotype/Class 7 (C7) C7-1 17 σ2e + rΦG/C7 
     Genotype/Class 8 (C8) C8-1 17 σ2e + rΦG/C8 
Error (r-1)(g-1)c 136 σ2e 
Total rcg-1 287   
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Table A17. Analysis of variance for population 1, MV0119 Χ MV0121 at Bloomington, IL, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 889465.4 ** 7.7 ns 91.9 ns 42.2 ns 
Class (C) 7 154913.6 ns†† 17.1 ns 1888.1 ** 185.5 ** 
R x C§ 7 112932.0 ** 5.0 ns 82.9 ns 18.3 ns 
Genotype/Class 136 153763.7 ** 26.8 ** 206.9 ** 107.4 ** 
     Genotype/Class 1 (C1) 17 243742.8 ** 34.7 ** 190.0 ** 90.9 ** 
     Genotype/Class 2 (C2) 17 81282.2 * 18.0 ** 229.0 ** 84.7 ** 
     Genotype/Class 3 (C3) 17 117744.1 * 25.8 ** 324.6 ** 150.2 ** 
     Genotype/Class 4 (C4) 17 80420.9 ** 29.9 ** 140.9 ** 92.0 ** 
     Genotype/Class 5 (C5) 17 343985.4 ** 16.4 ** 205.0 ** 106.3 ** 
     Genotype/Class 6 (C6) 17 150459.3 ** 20.4 ** 217.5 ** 130.6 ** 
     Genotype/Class 7 (C7) 17 175719.8 * 33.0 ** 199.2 ** 110.9 ** 
     Genotype/Class 8 (C8) 17 36754.8 ns 36.1 ** 149.2 ** 93.6 ** 
Error 136 34274.0 
 
3.1 
 
40.7 
 
12.4 
 Mean¶ 
 
2886.9 
 
19.5 
 
371.7 
 
228.1 
 CV (%)# 
 
11.6 
 
11.5 
 
2.4 
 
1.9 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A18. Analysis of variance for population 1, MV0119 Χ MV0121 at Findlay, OH, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 361790.2 ns†† 396.7 ** 2723.1 ** 971.3 ** 
Class (C) 7 558474.5 ns 12.9 ns 847.2 * 67.5 * 
R x C§ 7 203651.2 * 3.7 ns 168.6 ** 14.7 ns 
Genotype/Class 136 137721.3 * 14.4 ** 136.2 ** 61.5 ** 
     Genotype/Class 1 (C1) 17 123746.9 ns 23.8 ** 172.4 ns 93.0 ** 
     Genotype/Class 2 (C2) 17 98061.4 ns 12.5 ns 163.6 ** 41.0 ** 
     Genotype/Class 3 (C3) 17 144417.4 ns 11.9 ** 197.9 ** 78.3 ** 
     Genotype/Class 4 (C4) 17 96798.4 ns 11.4 * 131.9 ** 56.7 ** 
     Genotype/Class 5 (C5) 17 129067.8 ns 13.2 ** 73.5 ns 24.4 ns 
     Genotype/Class 6 (C6) 17 250621.0 ns 10.3 ns 134.0 * 82.9 ** 
     Genotype/Class 7 (C7) 17 88060.0 ns 16.6 ** 159.5 * 80.0 ** 
     Genotype/Class 8 (C8) 17 170997.3 ns 15.4 * 56.9 ns 35.5 ns 
Error 136 95312.9 
 
4.6 
 
53.1 
 
16.2 
 Mean¶ 
 
2666.1 
 
30.9 
 
420.2 
 
190.7 
 CV (%)# 
 
16.9 
 
6.2 
 
3.1 
 
2.0 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A19. Analysis of variance for population 1, MV0119 Χ MV0121 at Huxley, IA, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 120509.2 ns†† 3.3 ns 781.8 ** 461.3 ** 
Class (C) 7 479184.0 * 14.8 ** 1006.3 ns 129.6 ns 
R x C§ 7 70708.7 ns 0.3 ns 318.9 ** 36.3 ns 
Genotype/Class 136 173767.2 ** 4.7 ** 190.1 ** 81.9 ** 
     Genotype/Class 1 (C1) 17 105255.0 ** 5.3 ** 179.2 ns 99.9 ** 
     Genotype/Class 2 (C2) 17 140783.0 ** 2.5 ** 122.8 ns 48.8 ** 
     Genotype/Class 3 (C3) 17 152190.4 ns 4.7 ** 187.1 ns 65.2 * 
     Genotype/Class 4 (C4) 17 123064.2 ns 4.2 ** 172.9 ns 63.9 * 
     Genotype/Class 5 (C5) 17 204417.7 * 4.2 ** 109.4 ns 64.7 * 
     Genotype/Class 6 (C6) 17 369347.2 ** 3.3 ** 241.1 ** 85.2 ** 
     Genotype/Class 7 (C7) 17 153593.1 ns 6.8 ** 297.5 ** 129.7 ** 
     Genotype/Class 8 (C8) 17 141486.5 ns 6.6 ** 211.2 * 98.1 ** 
Error 136 70898.8 
 
0.9 
 
79.2 
 
19.9 
 Mean¶ 
 
2970.1 
 
29.2 
 
387.6 
 
205.5 
 CV (%)# 
 
9.0 
 
1.9 
 
4.6 
 
2.9 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A20. Analysis of variance for population 2, MV0120 Χ M0121, at Bloomington, IL, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 208150.6 * 18.5 ** 1240.7 ** 466.9 ** 
Class (C) 7 544227.7 * 39.7 ** 520.0 ** 254.6 ** 
R x C§ 7 84165.3 ns†† 2.4 ns 49.5 ns 14.5 ns 
Genotype/Class 136 275250.2 ** 29.2 ** 205.0 ** 116.9 ** 
     Genotype/Class 1 (C1) 17 454285.8 ** 19.5 ** 199.9 ** 104.9 ** 
     Genotype/Class 2 (C2) 17 111443.0 * 43.9 ** 215.7 ** 147.4 ** 
     Genotype/Class 3 (C3) 17 302484.3 ** 22.6 ** 116.7 ** 67.9 ** 
     Genotype/Class 4 (C4) 17 139480.5 ** 22.1 ** 240.2 ** 120.1 ** 
     Genotype/Class 5 (C5) 17 166429.1 ** 29.3 ** 204.0 ** 99.5 ** 
     Genotype/Class 6 (C6) 17 432099.1 ** 24.9 ** 202.5 ** 112.0 ** 
     Genotype/Class 7 (C7) 17 190310.5 ** 22.6 ** 319.0 ** 197.8 ** 
     Genotype/Class 8 (C8) 17 405469.6 ** 49.1 ** 141.6 ** 85.5 ** 
Error 136 44603.2 
 
2.5 
 
31.1 
 
7.9 
 Mean¶ 
 
2763.0 
 
21.3 
 
373.5 
 
219.9 
 CV (%)# 
 
10.5 
 
7.3 
 
1.9 
 
1.7 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A21. Analysis of variance for population 2, MV0120 Χ M0121, at Findlay, OH, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 2329509.0 ** 102.7 ** 231.7 ** 187.0 ** 
Class (C) 7 147559.8 ns†† 18.9 ** 724.4 ** 176.9 ** 
R x C§ 7 49261.4 ns 2.4 ns 72.7 * 14.1 ns 
Genotype/Class 136 85367.8 ** 10.8 ** 126.8 ** 45.8 ** 
     Genotype/Class 1 (C1) 17 95361.6 ns 11.3 * 199.9 ** 50.0 ** 
     Genotype/Class 2 (C2) 17 111536.9 ns 11.7 ** 39.0 ns 33.4 * 
     Genotype/Class 3 (C3) 17 77308.7 ns 8.7 * 156.2 ** 44.7 * 
     Genotype/Class 4 (C4) 17 33298.6 ns 5.8 * 109.8 ** 50.6 ** 
     Genotype/Class 5 (C5) 17 63882.8 ns 11.6 ns 143.5 ** 37.1 * 
     Genotype/Class 6 (C6) 17 91547.3 * 10.4 ** 120.1 ** 55.6 ** 
     Genotype/Class 7 (C7) 17 82980.9 * 8.7 ** 109.1 ** 43.3 ** 
     Genotype/Class 8 (C8) 17 127025.8 ** 18.4 ** 136.9 ** 51.5 ** 
Error 136 53649.0 
 
3.2 
 
32.0 
 
11.7 
 Mean¶ 
 
2686.0 
 
32.9 
 
425.5 
 
182.6 
 CV (%)# 
 
8.3 
 
4.8 
 
2.0 
 
2.1 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A22. Analysis of variance for population 2, MV0120 Χ M0121, at Huxley, IA, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 828365.4 ** 14.7 ** 4319.3 ** 1654.7 ** 
Class (C) 7 249987.4 ns†† 10.8 ** 154.7 ** 181.6 ** 
R x C§ 7 86358.6 ns 1.0 ns 92.6 ** 3.9 ns 
Genotype/Class 136 103672.7 ns 3.5 ** 580.6 * 64.0 ** 
     Genotype/Class 1 (C1) 17 92784.4 ns 3.1 ** 181.0 ** 58.9 ** 
     Genotype/Class 2 (C2) 17 154697.3 ns 4.0 ** 103.0 * 67.9 ** 
     Genotype/Class 3 (C3) 17 43748.9 ns 2.2 ns 114.7 ** 56.9 ** 
     Genotype/Class 4 (C4) 17 90337.6 ns 3.7 * 104.2 ** 41.9 ** 
     Genotype/Class 5 (C5) 17 104696.1 ns 5.4 ** 309.3 ** 96.3 ** 
     Genotype/Class 6 (C6) 17 127826.4 ns 2.1 ** 153.2 ** 77.1 ** 
     Genotype/Class 7 (C7) 17 142924.1 * 2.1 * 96.4 ** 42.4 ** 
     Genotype/Class 8 (C8) 17 72366.8 ns 5.4 ** 175.7 ** 70.6 ** 
Error 136 78430.0 
 
0.9 
 
27.2 
 
12.9 
 Mean¶ 
 
2981.9 
 
30.2 
 
395.5 
 
195.7 
 CV (%)# 
 
9.9 
 
3.3 
 
2.4 
 
1.0 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
. 
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Table A23. Analysis of variance for population 3, MV0119 Χ MV0122, at Bloomington, IL, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 2451131.1 ** 0.4 ns 3549.0 ** 1793.3 ** 
Class (C) 7 272526.8 ns†† 24.5 * 406.4 ns 242.8 * 
R x C§ 7 76006.2 ns 3.8 ns 323.6 ** 51.2 ** 
Genotype/Class 136 150754.8 ** 33.2 ** 121.7 ** 77.9 ** 
     Genotype/Class 1 (C1) 17 178183.6 ns 28.6 ** 103.6 ** 96.6 ** 
     Genotype/Class 2 (C2) 17 152201.6 * 32.9 ** 102.6 ** 75.3 ** 
     Genotype/Class 3 (C3) 17 65418.3 ns 25.0 ** 117.1 ** 72.0 ** 
     Genotype/Class 4 (C4) 17 162642.0 * 30.1 ** 135.2 ** 89.7 ** 
     Genotype/Class 5 (C5) 17 176622.3 ns 25.0 ** 91.3 ns 65.1 * 
     Genotype/Class 6 (C6) 17 147652.8 ** 49.9 ** 103.6 * 78.5 ** 
     Genotype/Class 7 (C7) 17 152395.0 ns 40.1 ** 155.3 ** 77.3 ** 
     Genotype/Class 8 (C8) 17 170923.2 * 34.1 ** 165.4 ** 68.6 ** 
Error 136 71384.7 
 
3.6 
 
38.2 
 
12.7 
 Mean¶ 
 
3364.1 
 
20.5 
 
370.0 
 
226.7 
 CV (%)# 
 
8.2 
 
9.5 
 
4.9 
 
3.2 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A24. Analysis of variance for population 3, MV0119 Χ MV0122, at Findlay, OH, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 310022.1 * 1.8 ns 46.2 ns 40.5 * 
Class (C) 7 118579.6 ns†† 8.1 ** 1042.9 ** 194.2 ** 
R x C§ 7 36006.3 ns 0.2 ns 38.3 ns 11.4 ns 
Genotype/Class 136 119882.1 ** 10.1 ** 152.6 ** 64.4 ** 
     Genotype/Class 1 (C1) 17 188434.0 ** 7.2 * 145.9 ** 63.6 ** 
     Genotype/Class 2 (C2) 17 63170.4 ns 8.8 ** 120.0 ** 66.3 ** 
     Genotype/Class 3 (C3) 17 55319.8 ns 8.2 ** 169.3 ** 69.0 ** 
     Genotype/Class 4 (C4) 17 117391.7 ** 12.9 ** 112.3 ** 66.2 ** 
     Genotype/Class 5 (C5) 17 94993.7 ns 9.1 ** 234.3 ** 73.3 ** 
     Genotype/Class 6 (C6) 17 109019.3 ns 13.6 ** 156.7 ** 81.4 ** 
     Genotype/Class 7 (C7) 17 142927.6 ns 12.7 ** 124.1 ** 66.7 ** 
     Genotype/Class 8 (C8) 17 187800.7 ** 8.5 ** 158.3 ** 28.7 * 
Error 136 47918.2 
 
1.6 
 
27.8 
 
9.9 
 Mean¶ 
 
3166.3 
 
32.7 
 
425.9 
 
188.3 
 CV (%)# 
 
6.0 
 
1.5 
 
1.5 
 
1.8 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A25. Analysis of variance for population 3, MV0119 Χ MV0122, at Huxley, IA, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 112569.0 ns†† 74.0 ** 10629.6 ** 3791.8 ** 
Class (C) 7 603028.5 ** 3.8 ns 603.8 ns 137.2 * 
R x C§ 7 70375.2 ns 1.5 ns 196.8 ** 23.7 ns 
Genotype/Class 136 181920.9 ** 3.9 ** 132.6 ** 62.1 ** 
     Genotype/Class 1 (C1) 17 161427.7 ns 3.0 ** 184.2 ** 46.1 ** 
     Genotype/Class 2 (C2) 17 165073.0 ns 2.7 * 166.9 ** 73.6 ** 
     Genotype/Class 3 (C3) 17 180516.2 ns 3.1 * 128.2 ** 62.3 ** 
     Genotype/Class 4 (C4) 17 172956.3 ns 4.5 ** 114.5 * 93.7 ** 
     Genotype/Class 5 (C5) 17 121176.2 ns 4.0 ** 127.9 ** 55.9 ** 
     Genotype/Class 6 (C6) 17 204965.8 ns 4.9 ** 125.9 * 84.0 ** 
     Genotype/Class 7 (C7) 17 203375.6 ns 6.6 ** 59.1 * 54.0 ** 
     Genotype/Class 8 (C8) 17 245876.5 ns 2.4 ns 154.2 ** 27.1 ** 
Error 136 114041.1 
 
1.1 
 
33.9 
 
12.8 
 Mean¶ 
 
3184.2 
 
31.6 
 
396.8 
 
199.1 
 CV (%)# 
 
8.3 
 
3.9 
 
3.5 
 
2.4 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A26. Analysis of variance for population 4, MV0120 Χ MV0122, at Bloomington, IL, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 22768.0 ns†† 45.1 ** 917.8 ** 458.5 ** 
Class (C) 7 1394928.3 ** 160.9 ** 318.0 ns 475.3 ** 
R x C§ 7 39572.2 ns 1.4 ns 329.0 ** 19.6 * 
Genotype/Class 136 382355.3 ** 34.7 ** 182.3 ** 102.7 ** 
     Genotype/Class 1 (C1) 17 157175.9 ** 25.5 ** 129.5 ** 142.5 ** 
     Genotype/Class 2 (C2) 17 162276.8 ** 46.5 ** 177.0 ** 109.7 ** 
     Genotype/Class 3 (C3) 17 296719.6 ** 37.5 ** 228.9 ** 153.1 ** 
     Genotype/Class 4 (C4) 17 271918.2 ** 37.0 ** 110.2 ** 99.6 ** 
     Genotype/Class 5 (C5) 17 225003.6 ** 38.8 ** 218.9 ** 82.1 ** 
     Genotype/Class 6 (C6) 17 1162958.4 ** 18.9 ** 178.0 ** 87.3 ** 
     Genotype/Class 7 (C7) 17 262789.9 ** 38.5 ** 215.9 ** 57.7 ** 
     Genotype/Class 8 (C8) 17 520000.4 ** 35.1 ** 200.2 ** 89.4 ** 
Error 136 35844.4 
 
2.9 
 
26.6 
 
7.9 
 Mean¶ 
 
2941.1 
 
19.2 
 
375.6 
 
217.5 
 CV (%)# 
 
6.8 
 
6.2 
 
4.8 
 
2.0 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A27. Analysis of variance for population 4, MV0120 Χ MV0122, at Findlay, OH, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 150374.0 ns†† 11.3 * 581.7 ** 226.6 ** 
Class (C) 7 126066.9 ns 43.2 ** 97.2 ** 116.7 ** 
R x C§ 7 104966.9 ns 0.5 ns 246.6 ns 13.6 ns 
Genotype/Class 136 93976.5 * 11.4 ** 98.7 ** 42.4 ** 
     Genotype/Class 1 (C1) 17 74337.3 ns 12.7 ** 136.0 ns 63.2 * 
     Genotype/Class 2 (C2) 17 58868.1 ns 12.2 ** 101.8 ** 41.8 ** 
     Genotype/Class 3 (C3) 17 135476.0 ** 13.3 ** 137.8 ** 47.2 * 
     Genotype/Class 4 (C4) 17 59167.6 ns 11.1 ** 87.5 ** 50.2 ** 
     Genotype/Class 5 (C5) 17 198266.1 ns 15.4 ** 101.3 ** 31.7 ns 
     Genotype/Class 6 (C6) 17 107135.8 ns 4.9 ns 74.2 ns 25.7 ns 
     Genotype/Class 7 (C7) 17 59948.7 ns 8.9 * 110.7 ** 56.6 ** 
     Genotype/Class 8 (C8) 17 58612.7 ns 12.4 ** 40.0 ns 22.4 ns 
Error 136 65153.2 
 
2.4 
 
31.8 
 
14.1 
 Mean¶ 
 
3059.0 
 
33.0 
 
429.8 
 
182.5 
 CV (%)# 
 
10.6 
 
2.2 
 
2.3 
 
2.0 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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Table A28. Analysis of variance for population 4, MV0120 Χ MV0122, at Huxley, IA, in 2011. 
  
Mean Square 
Sources of Variation df Yield Maturity Protein Oil 
  
kg ha-1 days† ------------g kg-1‡----------- 
Replication (R) 1 8329.6 ns†† 2.5 ns 625.5 ** 168.7 ** 
Class (C) 7 776981.2 * 21.0 ** 59.6 ns 106.0 * 
R x C§ 7 148197.3 ns 0.7 ns 214.6 ** 16.3 ns 
Genotype/Class 136 122624.3 * 6.1 ** 138.5 ** 66.7 ** 
     Genotype/Class 1 (C1) 17 83255.0 ns 3.5 * 104.4 ** 55.3 ** 
     Genotype/Class 2 (C2) 17 86050.7 ns 4.7 ns 144.9 ** 69.3 ** 
     Genotype/Class 3 (C3) 17 114832.6 ns 8.8 ** 142.3 ** 75.2 ** 
     Genotype/Class 4 (C4) 17 186638.6 ns 6.0 ** 112.6 ** 73.4 ** 
     Genotype/Class 5 (C5) 17 133671.8 ns 8.8 ** 177.6 ** 83.1 ** 
     Genotype/Class 6 (C6) 17 178464.6 * 4.4 ** 147.6 ** 50.1 ** 
     Genotype/Class 7 (C7) 17 79399.9 ns 6.5 ** 174.0 ** 86.8 ** 
     Genotype/Class 8 (C8) 17 118680.9 ns 6.2 ** 104.3 ** 40.2 * 
Error 136 84204.6 
 
1.2 
 
23.0 
 
9.9 
 Mean¶ 
 
3131.7 
 
30.9 
 
395.6 
 
195.7 
 CV (%)# 
 
12.3 
 
2.7 
 
3.7 
 
2.1 
 * Significant at the 0.05 probability level. 
** Significant at the 0.01 probability level. 
† Days after 31 August. 
‡ Protein and oil concentration reported on a 0 g kg-1 moisture-basis. 
§ Error mean squares used to calculate the coefficient of variation. 
¶ Overall mean used to calculate the coefficient of variation. 
# Coefficient of variation. 
†† ns, not significant at the 0.05 probability level. 
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